4> 



per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCg 



(51) Intemati nal Patent Classification 5 : 
C07K 15/28, C07H 15/00 
C12P 21/08, C12N 5/26, 15/02 



Al 



(11) International Publication Number: WO 93/02108 

(43) International Publication Date: 4 February 1993 (04.02.93) 



(21) International Application Number: PCT/US92/06194 

(22) International Filing Date : 24 July 1992 (24.07.92) 



(30) Priority data: 
735,064 
856,281 



25 July 1991 (25.07.91) US 
23 March 1992 (23.03.92) US 



(60) Parent Application or Grant 
(63) Related by Continuation 

. .US 
Filed on 



856,281 (CIP) 
23 March 1992 (23.03.92) 



(71) Applicant (for all designated States US) : 1DBC 

V ' PHARMACEUTICALS CORPORATION [US/US]; 
1 1099 North Torrey Pines Road, Suite 160, La Jolla, CA 
: 92037 (US). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only) : NEWMAN, Roland A. 
[GB/US]: 43111 Robbins Street, San Diego, CA 92122 
(US). HANNA, Nabil [US/US]; 3255 Forturia Ranch 
Road, Olivenhain, CA 92024 (US). RAAB, Ronald, W. 
[US/US]; 2468 Tulipan Way, San Diego, CA 92111 
(US). 

(74) Agents: WARBURG, Richard, J. et al.; Lyon & Lyon, 61 1 
West Sixth Street, 34th Floor, Los Angeles, CA 90017 
(US). 

(81) Designated States: AT, AU, BB, BG, BR, CA, CH, CS, 
DE, DK, ES, FI, GB, HU, JP; KP, KR, LK, LU MG, 
MN, MW, NL, NO, PL, RO, RU, SD, SE, US Euro- 
pean patent (AT, BE, CH, DE, DK, ES, FR GB, GR, 
IT, LU, MC, NL, SE), OAPI patent (BF, BJ, CF, CG, 
CI, CM, GA, GN, ML, MR, SN, TD, TG). 



Published 

With international search report. 



(54) Title: RECOMBINANT ANTIBODIES FOR HUMAN THERAPY 



(57) Abstract 



Chimeric antibodies including an Old World monkey portion and a human portion, nucleic acid encoding such antibodies, 
Old World monkey monoclonal antibodies, and methods for their production and use. 



•oxiPiSnrin /wn •* owkwai I ^ 



FOR THE PURPOSES OF INFORMATION ONLY 

Code, used to identify State, ..any «o the PCT on the font pages of pamphlets publishing international 
applications under the PCI*. 



AT Austria 

All Australia 

BB Burh.ido* 

BE Belgium 

BK Burkina haiu 

BC Bulgaria 

BJ Benin 

BR Bra/tl 

CA Canada 

CF Cunlral African Republic 

CC Congo 

CH Swil/ci land 

CI Cote d'lvoifc 

CM Cameroon 

CS (Vcchoslovukia 

OE Germany 

|>K Denmark 

ES Spain 



Fl Finland 

FR Francc 

CA Gabon 

CB United Kingdom 

CN Guinea 

GR (5 recce 

HU Hungary 

IE Ireland 

IT llal> 

Jp Japan 

KP Democratic People'* Republic 

of Korea 

KR • Republic or Korea 

LI I iechleitetein 

LK Sri l-anka 

LU Luxembourg 

MC Monaco 

MC Madagascar 



ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


PL 


Poland 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan . . 


SE 


Sweden 


SN 


. Senegal 


su 


Soviet Union 


TO 


Chud 


TC 


Togo 


US 


United Stales of America 



i 

. ,1 

WO 93/02108 



PCI7US92/06194 



1 . 

TTRRCRIPTION 



D^h W anybodies for Human Therapy 

Field of the inv ention 

This application is a continuation-in-part of Newman 
et al.. United States patent application serial no. 
07/856,281, filed March 23, 1992, which is a " continuation-. 
5 in-part of U.S. patent application serial no. 07/735,064, 
filed July 25, 1991, the whole of which, including draw- 
ings, are both hereby incorporated by reference. This 
invention relates to recombinant antibodies useful for 
human therapy, and to methods for production of such 
10 antibodies. 

. Rackaro^ of th<=> Invention 

Murine monoclonal antibodies are used in diagnosis of 
human disease, and in solving basic biological research 
problems. These reagents are also used in clinical trials 
15 as therapeutics for both acute and chronic human diseases, 
including leukemias, lymphomas, solid tumors (e^, colon, 
breast, hepatic), AIDS and autoimmune diseases. 

Mouse/human chimeric antibodies have been created, 
and shown to exhibit the binding characteristics of the 
20 parental mouse antibody, and effector functions associated 
with the human constant region, see e.g. , Cabilly et al. , 
U.S. Patent 4,816,567; Shoemaker et al. , U.S. Patent 
4 978,745; Beavers et al. , U.S. Patent 4,975,369; and Boss 
et al '," U.S. Patent 4,816,397 all of which are incorpor- 
25 ated by reference herein . Generally these chimeric antx- 
bodies are constructed by preparing a genomic gene library 
from DNA extracted from pre-existing murine hybridomas . 
Nishimura et al. , 47 ranr,r Research 999, 1987. The 
library is then screened for variable region genes from 
30 both heavy and light chains exhibiting the correct anti- 
body fragment rearrangement patterns. The cloned variable 
region genes are then ligated into an expression vector 
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„„taining cloned • - ~ 7/ n r Pri T- 

U** chain human con. ^.^^m choioe , usually 

genes are then expressed in a cell lin 

a -urine myeloma ^ . have been used in human 

tTZTL,X tl, chimeric antibodies, how- 
therapy. Antibodies^ num a n recipient in a 
ever, have been produc^ by ^ 

nS^S: ^continued therapy with the chimeric 



U ^ tib f 3 [; . al 34 £liniEa l_£ M mist E y 1681. 1988, 

Sr lich et -I^TSTicn * 1- 6 

Erlich et al. , 1 HMEi_— _ ^Hbodv 

^c-i 1QR7 and Erlich ec ax., j- ± 

M2Ei f m 1990 (not admitted to he prior art to the 

15 present application) impro vement over mouse 

bodi es are expects to ^be « P ^ 
monoclonal antibodies for in_viyo . _ 
.lee postulate that non-human primate ^ b ° d — 
enimpan.ee monoc^ J-^*^. s^iiar to human 

20 humans because they are re n on-immunogenic in 

• w qince human antibodies aire i^i 

antibodies since h „ antibody response, , 

^esus moneys U^. bodies will he non- 

^ ^ans They indicate that the testing of 

immunogenic in humans. Tn y ^ , f a priMt e antibody 

has a constant region struc ture no more 

human immunoglobulin or, at different 

, different , from a human Thus, they 

^•wh^s differ from each other. ' 
human antibodies o«i • a „ be useful in human 

30 suggest that chimpan.ee antibodies may be user 
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encoding genes, the fusion of these genes to cloned human, 
chimpanzee or other monkey constant region-encoding genes 
(and human, chimpanzee or other monkey framework-encoding 
genes if required) , and their expression as human/monkey 
5 recombinant antibodies, or wholly monkey recombinant anti- 
bodies. Furthermore, the invention concerns use of such 
recombinant antibodies (which term includes antibodies 
produced by fusion of DNA from two different antibody 
genes, even from the same species, e^cu, two different 
10 monkey antibody genes, for example, Rhesus and cynomolgus 
monkeys, to give a monkey-monkey recombinant antibody) as 
immunotherapeutic agents for the treatment of human dis- 
ease. The invention is based upon the discovery that 
evolutionary distant monkeys (e.g, , baboon or macaque 
monkeys (including cynomologus, and Rhesus monkeys)), 
unlike the Chimpanzee, are not only sufficiently different 
from humans to allow antibodies against human antigens to 
be raised in these monkeys, even to relatively conserved 
human antigens, e.g. . CD4 and CD54, but are sufficiently 
20 similar to humans to have antibodies similar to human 
antibodies, so that there is no host anti-antibody immune 
response when such monkey antibodies, or recombinant anti- 
bodies derived therefrom, are introduced into a human. 

Unlike some prior antibodies used for human therapy, 
25 the antibodies of the present invention do not suffer from 
several drawbacks, e.g. , 1) immunogenicity and induction 
of human anti-antibody (HAA) response upon repeated admin- 
istration necessary to treat chronic conditions, 2) rela- 
tively short half -life compared to human antibodies, and 
30 3) lack of effector functions with human cells or comple- 
ment. The lack of these drawbacks is a significant advan- 
tage for human therapy with antibodies made by the present 
invention. For example, in the case of chronic human dis- 
eases, including auto- immune diseases, or any disease 
35 where prolonged administration of an antibody is neces- 
sary, one of the major obstacles to repetitive antibody 
therapy is the host response to the therapeutic antibody. 
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HAA responses are often unpredictable from one patxent to 
another. Such responses are predominantly, though not 
exclusively, directed against the constant regxon of the 
antibody molecule, and once they occur they often pre- 
clude, or reduce the effectiveness of, any further therapy 
with that antibody, or another antibody of the same 

^potentially, the problems of HAA could be circum- 
vented by the use of human monoclonal antibodies . Thxs 
approach, however, suffers from the ethical, clinical, and 
i^nunological limitations on immunization of human sub- 
jects with many antigens of choice (e^, human antxgens 
which phrase includes antigenic or immunogenic portxons of 
any proteins, polypeptides or their equivalent present xn 
a human) for antibody generation. Applicants' approach to 
circumvent this problem includes generation of antxbodxes 
of the appropriate specificity and desired effector func- 
tion, and their use in production of recombinant antx- 
bodxes. These recombinant antibodies generally include an 
appropriate portion of the variable region of an antxbody 
derived from an immunized monkey, and the constant regxon 
of an antibody from a human or chimpanzee. Thus v the 
specificities and high affinities of monoclonal antxbodxes 
are retained, and the appropriate human or chimpanzee con- 
stant region displaying the desired effector functions can 

be readily chosen. . , 

The present invention is further based on a method 
for amplification of monkey immunoglobulin genes, e^u, by 
the polymerase ohain reaotion (PC*), from BNA extracted 
from monkey lymphocytes using ^thetic olxgonuoleotxde 
primers speoif ic for heavy and light chaxn varxable regxon 
gene families. The amplified genes or approprrate por- 
tions (e^g,, oomplementarity determining regxon , (« 
coding regions; see Winter, British Patent Applxcatxon No 
GB2188638A, hereby incorporated by reference herexn) are 
cloned into an expression vector containing a human or 
chimpanzee constant region gene for the production of a 
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monkey /human recombinant antibody, or a vector containing 
a monkey constant region gene for the production of wholly 
monkey recombinant antibody of the desired isotype. These 
antibodies represent immunotherapeutic agents capable of 
5 localizing and/or killing appropriate target cells (iJL, 
tumor cells) after in vivo administration. 

Thus, in a first aspect the invention features a 
method for cloning an antigen-recognizing portion of the 
variable region of a monkey antibody gene. This method 
10 includes providing nucleic acid, it3i» RNA from the mon- 
key, forming cDNA to the RNA (using reverse transcrip- 
tase) , providing a primer complementary to the cDNA 
sequence encoding a 5 • leader sequence of the antibody 
gene, contacting that cDNA and the primer to form a hybrid 
15 complex and amplifying the cDNA to produce nucleic acid 
encoding the variable region of the monkey antibody gene. 

By "antigen-recognizing portion" is meant one or more 
portions of a variable region of a monkey antibody which 
axe responsible for binding and/ or recognizing the target 
20 antigen (or epitope or idiotype) of the antibody. For 
example, it includes the CDR regions (see below) or the 
whole variable region, or any combination of these two 
regions including any changes in coding regions that may 
be induced to make the region more human- like rather than 
monkey-like, without altering the specific binding proper- 
ties of the antibody. If only a portion of the whole 
variable region is used then the remaining portions, e^, 
the so-called "framework", are provided from another 
antibody, preferably a human or chimpanzee antibody (see 
below) and in the art cited above and incorporated herein 
by reference. 

The phrases "variable region", "leader sequence" , 
"constant region" and "framework" are used in their common 
art recognized manner, examples of which are provided 
below and in the art cited above and incorporated herein 
by reference. 
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in preferred embodiments, the leader sequence is a 
human, chimpanzee or monkey leader sequence of approxi- 
mately 60 bases, examples of which are provided xn FIG. 1. 

Applicant has discovered that the monkey, chimpanzee 
5 and human variable region leader sequences are suffi- 
ciently similar that primers constructed to one are suit- 
able for amplification of the other. In the method, the 
RNA is amplified sufficiently to produce enough nucleic 
acid to place that nucleic acid within a vector for later 

10 cloning. , 
in a second aspect, the invention features a method 

for producing an antibody to a human antigen, which anti- 
body is not immunogenic in humans. The method involves 
raising in a monkey a monkey antibody to the human 
15 antigen, and isolating monkey nucleic acid encoding an 
antigen-recognizing portion of a variable region of the 
monkey antibody. Human nucleic acid encoding a human 
constant region of an antibody is provided, and ligated to 
the monkey nucleic acid to form recombinant nucleic acid. 
20 This recombinant nucleic acid is then expressed to produce 
the desired antibody. Alternatively, chimpanzee or monkey 
constant region-encoding nucleic acid can be used to^form 
the recombinant antibody. There are few, if any, differ- 
ences in the amino acid sequence of human and chimpanzee 
25 constant regions ( i . e . , they are homologous) , and those 
differences present between human and monkey can be read- 
ily altered by standard techniques if the nucleic acid 
encoding the monkey constant region is used to form a 
recombinant antibody. All that is critical in 
30 tion is that an antibody be produced that is less immuno- 
genic than the monkey constant region so that no signi- 
ficant immune response ensues when the recombinant anti- 
body is introduced into a human. (Such antibody regions 
are herein referred to as homologous regions.) Thus, the 
35 recombinant antibody is engineered to be functionally the 
same as a human antibody in its amino acid sequence, !^, 
it has a constant region homologous to a human or chimpan- 
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zee antibody constant region. In summary, the antibody is 
as human an antibody as is necessary to reduce the chance 
of an undesired immunological response to the antibody, 
and contains an antigen-binding portion of a monkey 

5 antibody. 

By "not immunogenic" is meant that the antibody does 
not raise an antibody response of sufficient magnitude to 
reduce the effectiveness of continued administration of 
the antibody in the majority of humans for sufficient time 
10 to achieve therapeutic efficacy, e^, as compared to a 
murine or murine-human chimeric antibody. Preferably, no 
antibody response is observed. 

in preferred embodiments , the method includes immor- 
talizing a cell of the monkey which is responsible for 
15 producing the monkey antibody, e^., by hybridoma fusion 
viral transformation with Herpes papio , single B-cell 
oloning (also termed -transient immortalization") , and 
production of a library of recombinant immunoglobulins, 
in other preferred embodiments, the method includes 
20 selecting a B-cell from the monkey from either a periph- 
eral blood leukocyte, the spleen, bone marrow or a lymph 
node; selecting a clone which produces the appropriate 
antibody; rescuing the immunoglobulin genes encoding that 
antibody from the immortalized cell line; and reexpressmg 
25 the genes in a producer cell line (i-,, a cell line which 
causes sufficient production of the antibody to be useful 

for human therapy). . 

in a third aspect, the invention features a recombi- 
nant antibody formed from either a human or chimpanzee 
30 constant region and an antigen recognizing portion of a 
monkey variable region, or a first monkey constant region 
and a second, different monkey antigen recognizing portion 

of a variable region. 

in a related aspect, the invention features a mono- 

35 clonal antibody, or an Fab, (Fab),, a light chain or heavy 
chain dimer , or any minimal recombinant fragment thereof , 
such as an Fv or a SCA (single chain antibody) or other 
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i^unblogically active fragment thereof > . _C»- 
region) , to a human antigen formed hy an rmmortalrzed 
IVZl »-cell. Such fragments are useful as ^sup- 
pressive agents. ^terna tively - 
5 invention may have attached to it an eiie 

e. For instance, an antibody of the —ion may 
h ave a macrocycle, for chelating, a heavy metal atom, or a 
toxin, such as ricin, attached to it hy a covalent bridg 
ing structure. In addition, the Fc fragment or CH3 domain 
10 of a complete antibody molecule may be replaced hy an 
10 or a coiu F -—j • nart of the immunoglobulin 

enzyme or toxin molecule, and a part of rn 

chain may be bonded with a polypeptide effector or 
Sorter Llecule. Bispecific antibodies can also be con- 

ctructed bv standard procedure. 
15 ^another aspect, the invention features pharmaceu- 

tical compositions in which antihodies of the ^present 
invention are provided for therapeutic or prophylactic 
— IT anybodies can also he provided *s immune- 



uses. 



toxins i molecules which are characterized by two 

toxins, i^^ aT . e tjart icularly useful for killing sel- 
20 components and are particularly _ . . 

n1e Hr, vitro or in vivo . One component is a 

ected cells in vitro or ± _ 

cytotoxic agent which is usually fatal to ^cel ^ 
attached or absorbed. The second component, known as the 
rifvery vehicle- Wdes a means ^J^^i^ 

25 :rii:. a9 s ztj^^^^t-^ 

^ 'variety of well-known chemical or 
: SSr^SL? ■ Ferule. When the cytotoxic agent 
in protein and the second component is an intact immune- 

Se "tfofof various immunotoxins is well-Kno„n in 
: ^ In' another related aspect, the invention features 

35 nucleic acid encoding ^^^^^ZL 

Tn ™ f erred embodiments, the nucleic acid enco 
: or «see constant region and an antigen recognizing 
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portion of monkey variable region; and the nucleic acid is 
purified, i.e. , separated from biological components with 
which it naturally occurs, or more preferably, is provided 
as a homogeneous solution. 
5 In yet another aspect, the invention features a CDR- 

grafted antibody formed from at least one of the comple- 
mentarity determining regions (CDRs) , that is, amino acid 
residues (using the standard amino acid labeling system of 
Kabat) 31—35 . (CDR 1), 50-65 (CDR 2) and 95-102 (CDR 3) of 

10 the specified heavy chain, and amino acid residues 24-34 
(CDR 1), 50-56 (CDR 2) and 89-97 (CDR 3) of the specified 
light chain of an Old World monkey variable region, and an 
immunoglobulin variable region framework from a second 
species . The CDR-graf ted antibody is able to bind to the 

15 same antigen as the original monkey antibody. The anti- 
body constant region is derived from a human or chimpanzee 
immunoglobulin. The methodology for performing this 
aspect is generally described by Jones et al. , 321 Nature 
522, 1986. Such CDR grafts can be altered if desired to 

20 ensure that they appear more human-like so that the proba- 
bility of instigation of adverse reaction to the antibody 
is lessened. 

in preferred embodiments, the method includes immor- 
talization or selection of a cell from a macaque, which is 

25 responsible for producing a macaque antibody, and rescuing 
the immunoglobulin genes from the cell; cloning and 
sequencing the antibody genes responsible for the produc- 
tion of antibody; selecting a human variable region frame- 
work sequence (preferably with the closest homology to the 

30 macaque variable region framework); and substituting 
macaque CDR sequences for human CDR sequences and minor 
modifications in the human framework region may be 
included to maintain affinity of the antibody for its 
antigen. 

35 B y "minor modifications" is meant that less than a 

total of about 6 amino acids in the framework may be sub- 
stituted by other amino acids. Usually such substitutions 
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odifications are made only when those amino acids are 
or modifications interactions that hold the 

involved in conformational desired anti . 

fram eworK in an appropriate ^" t ^.^ lflBBtloBi 
gen is — ^ acids present 

PYamDle t he amino acid sequence of a human antioo y j 
example, tne am generally cysteine- 

serine; thus, in this example, it may be pre 
serine at amino acid 94 (see Fig. .90) . _ ^ 
In a further aspect, the invention features 
- for treating a human having a particular antigen, e^,, 
3 II aTo^Ied with disease. The method ^^^I 

Bering rf^^^r^S^T^;^- 
^ Mt ^r^iouy irons having either a human or 
the ~»^-^^5 B and an an ti,en recognizing P or- 
0 chimpanzee constant region n onkey eon- 

tio n of a monKey^ ^ portion of a 
stant regxon and an antxy ^ 

second, different monKey variable region ^ 
In preferred embodiments of 1*e ^ ^ ^ 

" anti9en , iS ^JTanttlgen ^voTvJ in an autoimmune 
immune disorder, an antige an 

response, a receptor expressed on ^ {o4B1 

-i ^ from the human antigens CD^s, v ^ v 
antigen selected from tte^ ^ CD20 _ 

integrin, , C02. I.F« KMC. ««. ^ ^ CD45 , 

30 human T-cell receptor, CD3, c D ^ adhesi on 

■„x. r . -.^ -tr^cox". - 

molecules, e^, ™, , (P _ g lycoprotein) , 

, CDllb. the neu oncogene product £ ^JJJ^ ^ 

IGFC and its receptor, and 1 or ellminate ) 

35 b ody is active tocher £ It ^ ^ ^ 

— c^' « - active as a cytotoxic agent 
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or to cause Fc-receptor binding by a phagocyte- Alterna- 
tively / the antibody blocks or stimulates receptor func- 
tions, or neutralizes active soluble products, such as one 
or more of the inter leukins , TNF and C5a. 
5 In other aspects, the invention features pharmaceu- 

tical compositions of the above antibodies or fragments 
thereof. Compositions or products according to the inven- 
tion may conveniently be provided in the form of solutions 
suitable for parenteral or nasal or oral administration, 

10 Appropriate preparations of antibody may be mixed with 
appropriate preparations of other agents, resulting in 
increased clinical utility. 

Other features and advantages of the invention will 
be apparent from the following description of the pre- 

15 f erred embodiments thereof, and from the claims. 

Description of the Preferred Embodiments 

The drawings will first briefly be described. 

Drawings 

FIG. 1 is a tabular representation of 20 codons in 
20 nine different Ig heavy chain leader sequences and ten 
monkey I g heavy chain leader sequences; 

FIG. 2 is a diagrammatic representation of the struc- 
ture of various Ig chains showing the relative position of 
leader, variable, and constant regions with the positions 
25 of restriction sites and primers used for amplification; 

FIG. 3 is a diagrammatic representation of a heavy 
chain cassette vector for expression of human or chimeric 
antibodies; 

FIG. 4 is a diagrammatic representation of a light 
30 chain cassette vector designed for expression of human or 
chimeric antibodies; 

FIGS. 5 and 6 are diagrammatic representations of 
vectors designed for expression of immunoglobulin from 
kappa. or lambda light chain cDNA, respectively. In these 
35 vectors, the immunoglobulin genes are arranged in a tandem 
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configuration using neomycin phosphotransferase as the 
selectable marker ; ^ ^ 

o£ various leaner sequence primers useful in the invention 
5 <Lese primers in FIG. 8 correspond to those listed as 

SEQ - Scr^ugu^e comparisons of human and mon- 
„ „s nTls m the VH1, VH2 , VH3 , VH4 , and VH5 sequences , 
Z -and and vlamhdaXXX sequences, ' 

FIG 10 is a comparison of human and monkey VH3 
1 vitn one comparison to the human VH 2 sequence; 
-guanoes with MpreMntatiOT of the hindin, 

of an tibody of the invention to a human CD4 antigen; 

° ™!1 2 Is a graphical representation of 

'• - w n f 1F3 bY the antibody shown xn FIG 10, 

15 tiOT iT and Z L portion of the nucleotide 

.'„f anti-CD4 VH, and vt regions respectively; 
stances of anti CO^ ^ ana 

Lg. 16 is a histogram comparing plasmid expression 

20 features . 



25 



30 



^"S^nKeys include those referred to as hahoon 

and macaque monkeys deluding Hhesus — 

qns monkey,. This invention provides det ails of 

the claimed invention with various monkey genes. Th 

Samples are not limiting in the invention and may he 

n • * +r> rt fher Old World Monkeys- 
readily applied W other 01 diagr ammatic 

T?*>-e erring to Fig- 2, ^nece 

. leader -^^-^^^^1^^ - ' 
pneodinq a variable region 01 

consul region of that i^noglobulin. . ««*L - . *d£ 
ferent leader sequences , or signal peptxdes, of hjy 
ferent J. sequences, and thexr 

chains are shown xn FIG. 
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equivalent in monkey, can be determined by standard tech- 
niques well known to those of ordinary skill in the art, 
and as described below. 

The sequences shown in the lower portion of FIG. 1 
5 are human leader sequences . Applicants have discovered 
that construction of primers complementary to these leader 
regions allows amplification of Ig genes from monkeys. 
Similarly, primers homologous to monkey leader sequences 
(see e^, upper portion of FIG. 1) can be used in ampli- 
10 fication of monkey immunoglobulin genes, and also for 
amplification of human immunoglobulin genes. 

By use of such primers in standard amplification 
procedures, genes encoding various monkey immunoglobulin 
genes, can be readily isolated, and the sequences encoding 
15 the variable regions of the antibodies determined. Exam- 
ples of such procedures are provided below. The results 
of the analysis provided below are presented in FIGS . 9A 
through 9H, and in FIG. 10. Surprisingly, applicant found 
that, despite the ability to produce antibodies to rela- 
20 tively conserved human antigens in the monkeys, the vari- 
able regional framework sequences of the antibodies so 
produced were indistinguishable from those of human anti- 
bodies. That is, the amount of variability in immunoglo- 
bulin sequence observed for the monkeys was similar to 
25 that observed for humans, and it was impossible to deter- 
mine which antibody was derived from a human or monkey 
without analysis of the source itself. 

Thus, for example, referring to FIG. 10, the amino 
acid sequence of the VH3 region of human was compared with 
30 monkey. The human antibodies showed a range of homology 
among themselves from 83 - 98%, while those of the monkey 
were from 90 - 95% homologous with the human VH3 region. 
In contrast, the human VH2 region was homologous to the 
human VH3 by 60%. [In this drawing, as in the other 
35 drawings, the presence of the same amino acid at any 
location is shown by a dash, while the presence of a 
different amino acid is shown by the standard one letter 
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code.' Positions to which no consensus 

_ v i similarly, homology for vhi, 
assigned are shown as an X.] Sxmxla y^ 

vh? VH3 VH4 , and VH5, and for VKI ana 

renown in FIGS . 9A - 9H, respectively. Again, s lg - 

homology is similar to 
10 ""lathodology hywhieh the sciences were aeter- 
mined is presented below ^pies ^ - « ^ 

„„ .kill in the art will recognize that these P 

t limiting in this invention and equivalent results 
are not limiting XX1 ■ ^a^pd bv 

^ monoclonal and chimeric antihod.es can ^^"^ 
15 similar procedures well Known to those of ordinary^!! 
• «,= seLMll U.S. patents 4,816,567; 4,978,745, 

?.T 36^' - — atter " 

^ g ene encoding a monKey variahla region, such a gene rs 
reldily ligated to one encoding a monKey or human constant 
reaai-i-y j-j-y producer cell 

. anr , fused genes expressed in a proa 

IlnH: prod^e the des'ired antihody. Below are provided 
^hoT involves the isolation - ^-^jS:. 

^"sec directly or, they may he P*^^ 
„ „ Evnansion may involve hpt-pps papio virus 

^rmatior -100 to a ^T^f^^ 
s „nt selection, £ olonin, - numan , 

limiting dilution in the presence or 

Total SNA is then converted to single stranded <ss> 
cDNA hy reverse transcriptase using non-specrf.o £lxgo dT 
cdna oy ,oeci£io (immunoglobulin CHI or CK 

- "SrrST region, oligonucleotide primers 
or uaiwua thi reaction is ampll- 

. Single— stranded cDNA produced by this rea 
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fied using the polymerase chain reaction in which ss cDNA, 
together with deoxynucleotide triphosphates, a DNA poly- 
merase re.q.. a thermostable polymerase) and specific 
primers, are used to amplify heavy or light chain variable 
region immunoglobulin genes. The primers used are single 
stranded synthetic oligonucleotides ranging from 20 to 40 
bases, containing some degenerate bases which bind to the 
immunoglobulin 5 » leader sequences. Six different 5- 
leader sequence primers (see, FIG. 7-1 incorporating a 
restriction enzyme site (e^u, Sail) have been designed 
for amplification of monkey heavy chain variable region 
families based on their similarity to human heavy chain 
variable region gene families. With each of the six 5' 
leader sequence primers, a 3 • primer specific for the 
15 constant region domain of the relevant isotype (e^, IgG, 
IgM, IgA or IgE) also incorporating a restriction enzyme 
site (e^, NhSl) is used. Similarly, for monkey kappa 
and lambda light chains, other pairs of primers are used 
for amplification of the appropriate light chain variable 

20 region (Fig. 7-2). 

Other sets of primers can be used in order to incor- 
porate different, unique restriction sites to allow direc- 
tional cloning of PCR-amplified DNA into an appropriate 
expression vector possessing the same restriction site. 
A set of primers binding to the 3 • end of the antibody 
heavy chain leader sequence incorporating a Mlul site, or 
a set of primers binding to the first 23 bases of frame- 
work one incorporating a Xhol site can also be used and 
are described in Fig. 7-1. The monkey immunoglobulin 
heavy and light chain variable region genes may be cloned 
into a shuttle vector directly after PCR amplification to 
allow further molecular manipulations if necessary or, 
cloned directly into an expression vector that contains 
human heavy or light chain constant region genes. The 
molecular configuration of the immunoglobulin genes m the 
expression vector may be genomic, in which immunoglobulin 
promoter/enhancer and other regulatory regions are present 



25 A 



WO 93/02108 



PCT/US92/06194 



as well as splice donor/ acceptor sequences at the intron/ 
axon junctions. Alternatively, chimeric immunoglobulin 
genes can be inserted in a cDNA configuration using heter- 
ologous viral promoter/enhancer sequences. 

5 — eis jo. i ss msnsa " f *>™^' eatlfaadlsa . 

PIGS . 7 and 8 show the primers with or without 

restriction sites respectively, used in the PCR amplifica- 
tion of immunoglobulin genes f rem monKey ^'"^ 
cDHAs. Details .1 the procedures used are provided telow. 
10 EHA was isolated from the spleen, peripheral blood and 
^ph node cells of moneys using the standard 
. isoLiocyanate method. The total KKA fraction 
.his method was then used as a template for subseguent 
Amplification reactions. An aliquot of the BHA was incu- 
„ bated in the presence of 200 units of Boloney murine leu- 
kemia virus reverse transcriptase and »«-P^» 
^oligo-dT or random hexamers, or specific (immunoglobulin 
£ Ll region or Kappa chain constant region CK> oligo- 
nucleotide primers ,50-100 picomcles, to genera te^a non- 
20 coding sense single cDHA strand. single stranded =DHA 
fouled by this reaction was then amplified using the 
Polymerase chain reaction (PC*, . An aliguot of single 
stranded cDNA was incubated together with deoxynucleotide 
tri-phosphates (3«M>) . a thermostable DNA polymerase (2-5 
25 units, and human-derived synthetic 

(50 picomoles), to amplify either heavy or light chain 
variable region immunoglobulin genes 

Using pairs of primers shown m FIG. S, = e ^ er " 
representative cynomolgus immunoglobulin heavy and light 
30 chain variable region seguences fro. a number of gene 
amilies were amplified. These amplified seguences were 
cloned into the tttfff site of the plasmid vector p-Blue 
script (PBS, available from Stratagene, CA, and used for 
HA Sequencing. DBA sequencing was performed us.ng the 
35 plasmid DNA containing the cloned insert as a double 
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stranded DNA template and the standard chain termination 

sequencing method. 

Representative cynomolgus monkey immunoglobulin 
sequences are shown in FIGS. 9A - 9H. Included in FIGS. 
5 9A - 9H are the consensus amino acid sequence for human 
variable region genes representing each of the major vari- 
able region gene families. The percentage homology of 
each monkey sequence with the human consensus sequence, 
excluding the constant domain regions and the CDR regions , 

10 is shown. The level of homology between human and monkey 
sequences for a given family is as high as between two 
human sequences within that family. It is impossible 
therefore to distinguish between variable region immuno- 
globulin sequences originating from Old World monkeys , 

15 and those originating from humans based on sequence 
comparisons alone. 

Tsolatiort of RNA 

Monkey antigen-specific B cells were obtained in 

several ways : by fusion of immunized monkey lymph node 

20 cells to the human/mouse heteromyeloma fusion partner cell 

line K5H6/B5, and subsequent screening of the hybridoma 

lines, by virally transformed B cells, or by in vitro 

single B cell cloning techniques. In the latter case 

growth of a single monkey B cell was supported in vitro by 

25 co-cultivation with human T cells that were- stimulated by 
antibody. A single B cell was placed in each well of a 96 
well tissue culture plate together with approximately 
150,000 ant i-CD3 -stimulated mytomycin C-treated human T 
cells After a two week incubation period the single B 

30 cell expanded to at least 200 differentiated plasma cells, 
culture supernatant from these wells were assayed for the 
presence of immunoglobulin by ELISA technique using a cap- 
ture antibody of goat anti-monkey immunoglobulin. 

Cells either from antigen-specific virally trans- 

35 formed cells or hybridomas were grown up in sufficient 
numbers for extraction of RNA. Wells from the in vitro 
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.male B cell cloning technique that were posxtxve for 
single B cell c y wash ed twice with cold phos- 

immunoglobulin were removed, washed twxce _ 
phate buffered saline PH 7.5 and centrxfuged (1000 x g 
lint The washed cells were suspended in 100*1 of lysxs 

5 I l^ion 1 V « -a^^ 

w -7 o 0 5% sodium sarcosine, 0.1M 2-mercapto 

I£ of L sodium acetate, pH 4.0. was aaded 
m i^ ed Protein «as removed by eddin, 100 ,1 water 
"LatTd'phenol, mixing and adding 20,1 of 
10 iloamyl alcohol (...I)'. ^ ter verging and 

ice for 15 min, the samples were centnfuged at 10 000 x 
; "or 20 -inutes. The agueous phase was transferred to a 
Lw tube, mixed with an egual volume of 

incubated for 1 hr at -20-c. The precipitate was ooHeoted 
incunateu for 15 minutes, washed 

15 by centrifugation at 10,000 x g tor _ _ 

with 70% ethanol, recentrifuged and the pellet dried in a 
speedivao (Savant,. The dried PNA was redxssolved a 
second time in 100 Ml of lysis buffer. An equal volume ^ 
i^Propanol was added and incubated at -20-C for one hour 

2 0 The precipitate was collected by centrifugation atlO 000 
x g for 15 minutes and washed with 70% ethanol. The pel 
let was dried in a Speedivac (Savant, and stored at -20 
in 70% ethanol until use. 
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Synthesis o£ siS!^ branded cDNA oria inatin g 
The total RNA extracted from the cells °"^ a ^ 
S inale well was dissolved in 32*1 of double dxs 
from a sxngle well , 50 -100 picomoles) of 

filled water to which xs added 1*1 (so j-uu p 
Primer "ither random hexamers. oligo dT « , 
'globulin-specific primers, and 10,1 of .« ™e "an- 
• ^ buffer (0.25 Tris-HCl pH 8.3, 0.375M KCl, 15mw 
ret J Toithiothreitol, . The mixture was heated at 
slater 5 minutes after which it was placed xn ice for , 
V After heating, 1,1 (Promega) . 5,1 of 5mM 

"iphosphates. and 1,1 «™^« ~ 
^ey ^ne leufcemia virus ireverse transcriptas . ^, 
was added, and the mixture incubated at 37 
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After completion of the reverse transcriptase reaction, 
the single stranded cDNA/RNA mixture was extracted with 
phenol/ chloroform and passed through a lrol G-25 SEPHADEX 
spin column. The material passing through this column was 
5 used as template ss cDNA for PCR amplification. 

Amplification of ss cDNA 

3-10/xl of the ss cDNA was mixed with 10/tl 10X PCR 
buffer (50OmM KCl, lOOmM Tris-HCl pH 8.3, 15mM MgCl 2 ) , 
1.6/41 of 1.25mM deoxynueleotide triphosphates, 50 pico- 

10 moles of specific immunoglobulin 5 • primer, 50 picomoles 
of specific immunoglobulin 3' primer, and 2 - 5 units of 
thermostable DNA polymerase (Synthetic Genetics) . The 
reaction volume was brought to lOOjil with water and over- 
laid with 100^1 of mineral oil. The reaction mixture Was 

15 incubated at the following temperatures for the specified 

times . 

94°C for 1 minute 

48°C for 2 minutes 

72°C for 2 minutes 
20 This cycle was repeated 30-35 times. The amplified prod- 
ucts were examined by agarose gel electrophoresis using a 
1.2% agarose gel and molecular weight standards. The 
amplified immunoglobulin variable region genes rah approx- 
imately between 350-500 bp markers. The PCR amplified 
25 products were then used for cloning into the appropriate 
plasmid vector. 

Example ' Cloning Monk ey Antibody genes 

Since monkey variable region gene sequences, at the 
CDNA level, are indistinguishable from human members of 
3 0 the equivalent gene family, immune responses to monkey/ 
human chimeric antibodies, if any, are unlikely to be any 
different than those mounted against human antibody 
molecules. 

PCR technology can be used to introduce specific 
3 5 restriction enzyme sites, including (but not limited to) 
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sail' Mill. KEDI and UJlsI , into the Old World variable 

cloned genes were a»t- . . tion 

• nrimers to introduce the specific restriction 

5 ^Srwr^ently used to clone the gene into en 
■ egression vector. Alternatively, these primers were used 
to amplify directly from cellular RNA. 

Egression vectors which have been constructed are of 
10 two ty^es. The first (see FIGS. 3 and 4, allows cloned 
cDNA Immunoglobulin variable regions from moneys to be 
Inserted into a cassette vector, using unique restriction 
in which the immunoglobulin gene elements ere 
arranged in a genomic configuration. This type of vector 
^ incorporates an immunoglobulin promoter, the two exons 
maxi^g up the immunoglobulin leader sequence, two clonrng 
s^es spll and Bhel, downstream splice donor sequences an 
i^oTobulinlnhancer region, a human constant region 
g^Ttheavy or light chain, and downstream* «*r--^ 

, Tn addition , they include a bacterial origin of 
20 Irion a bete-lactamase gene for bacterial selec- 

:::„ and a neomycin phosphotransferase gene for S410 
■ Election, or a xanthine-guanine phosphoribosyl transfer- 
ase ^t, ,ene for mycophenolic acid selection in mam^al- 
ISls The heavy and light chain expression vectors 

selectable marker. _ and 

The second type of expression system (see FIGS ; J^and 
6) uses immunoglobulin genes in a cDNA figuration 
That is no introns or splice sites are present between 
!ne 5 'leader sequence and the 3- constant region 
the 5 ^leade ^ util± heterologous 

sequences. ..This type . , immunoglobulin 

viral promoter/ enhancer sequences, driving immun g 

35 :uLd ught Cham ^nrr^ 
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translation, by changing the codon upstream and 

adjacent the start site of the gene from ACC to TCT. In 
addition, a dihydrof olate reductase (dhfr) gene is present 
for subsequent gene amplification with methotrexate . Mon- 
5 key immunoglobulin variable region genes to be cloned into 
cDNA configured expression vectors were amplified either 
from pre-existing cloned sequences in the shuttle vector 
(PBS) , or directly from RNA with primers containing either 
the restriction sites Sail or HUH and Nhel, for heavy 
10 chain, or Bglil and Kpnl or BsiWI for kappa or lambda 
light chains. other potential unique restriction sites 

however are not excluded. 

Chimeric heavy and light chain immunoglobulin genes 
were introduced separately or sequentially (for genomic- 

15 ally configured constructs), or on the same vector (for 
cDNA configured constructs), by electr operation into a 
producer cell line. Electroporation was used to introduce 
linearized DNA constructs into either Chinese hamster 
ovary (CHO) cells, or mouse myeloma cells, followed by 

20 single cell cloning , of the transf ectants into 96 well 
tissue culture plates. Electroporation conditions using 
a BTX-100 (BTX, San Diego) electroporation device and a 
iml disposable plastic cuvette gave optimal numbers of 
transf ectants from a given amount of vector DNA. CHO 

25 cells that were adapted to grow in suspension in serum- 
free medium (CHO- S SFM II minus hypoxanthine and thymi- 
dine, Gibcoj were used in constructs containing viral 
regulatory elements. 

Qn^lnnina vpriablp region genes 

30 The products of the PGR reaction were extracted with 

phenol/chloroform and passed through a 1ml SEPHADEX G-25 
spin column. If the DNA fragment was to be blunt end 
cloned into a plasmid 1 M 1 « MgCl 2 , 0.5ml of 1.25mM deoxy- 
nucleotide triphosphates and 1*1 of Klenow DNA polymerase 

35 (5 units) was added to the total PGR reaction mixture 
dOO^l) and incubated at 37'C for 15 minutes to fill in 
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any s- overhangs. Before blunt end cloning Into a plas- 
ma the 5- ends were phosphorylated as follows; 5*1 of 
1,1 of P—cleotioe Kinase^ ^ — 
added to the total reaction nix and incubated at 37 Cfor 
30 mantes. Amplified fragments that contained internal 
30 mimrc appropriate 
restriction sites were f orst o_ with0 ut 

rSr^th^/chlorofor. before ligating into 

"t^gatT reaction 10, of the phosphorylated 
or restriction enzyme cut-PCR amplified fragment was mixed 
^Proximately 2 ng of appropriate vector <^™*~ 
sT» Previously digested with the restricts enzyme (s) . 
ror blunt end-Joning pBluescript digested with was 
usL "or stiCcy end cloning the vector TCAE 5.2 orj 0 

r „»v H or pGenexL, cut with appropriate restriction 
or pGenex-H or pcen ^ liga tio„ buffer (500m« 

"l pr 7 6 loom. Kgcl 2 , 

tol, U T4 t)NA ligase ( 1 unit, was added and the reac- 
tion allowed to proceed at 14-C overnight. The ligeted 
Serial was used to transform : competent 
oells using the standard calcium chlorrde method of trans 
flatten The transformed bacteria were selected by 
^ on X* ampicillin-containing agar ; 
Ll colonies were selected 
medium containing ampicillin and plasmld 
„=<„,, the standard alkaline lysis method. After resrr 
: ra^ysls to determine which clones contained immuno- 
globulin inserts, the DNA was prepared for seguencing. 

"t^ff^gtotulin variable region genes were 
enold using a standard chain termination method. 
1ZZ TtraX Plas-id DNA containing the cloned insert 
Double stran f ^ Before sequencing, 

„e,«*r> a«? the seguencing template. Beiul 
' Te dlble sttanded^A was chemically denatured. OKA was 
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sequenced using T7 DNA polymerase SEQUENASE (United States 
Biochemical Corporation, Cleveland, OH), radiolabeled 
alpha deoxyATP, and the following sequencing primers: <5V 
CA6AGCTGGGTACGTCCTCA 3 • ) and (5- GCCCCCAGAGGTGCTCTTGG .3 • ) 
5 for immunoglobulin G heavy chain variable region in 5« to 
3 ' and 3« to 5- directions respectively. (5- CAGAGCTGGGTA 
CGTGAACC 3') and (5» GGCTTGAAGCTCCTCAGAGG 3') for immuno- 
globulin lambda light chain variable region in 5- to 3- 
and 3' to 5' directions, respectively. Reaction products 
10 were separated on 6% polyacrylamide gels and read. 

The results of sequencing a number of Old World mon- 
key immunoglobulin heavy and light variable region genes 
are summarized in FIGS. 9A.-9H. Cloning and sequencing 
cynomolgus immunoglobulin genes has not been previously 
15 described in the literature. Nor, therefore , has the 
degree of homology between human and cynomolgus V region 
genes been possible to define. The homology between a 
single chimpanzee variable lambda gene and its human 
genomic counterpart has been described showing only a 2% 
20 difference in the framework regions. 

Transfection a nd selection 

After sequencing cloned heavy and light chain varia- 
ble region genes, they were sub-cloned into appropriate 
vectors for expression. These may be vectors constructed 

25 with immunoglobulin regulatory elements in a genomic con- 
figuration (as shown in FIGS. 3 and 4), or with viral 
regulatory elements using a cDNA configuration (FIGS . 5 
and 6). Appropriate restriction sites (Spel and Nhel) can 
be designed into the PCR amplification primers during the 

30 initial amplification step, or conversely amplification 
primers containing restriction sites can be used to 
amplify immunoglobulin genes from the shuttle vectors into 
which they have been cloned. Alternatively, immunoglobu- 
lin variable region genes may be cloned directly into 
35 expression vectors after PCR amplification from RNA, so 
that subcloning is unnecessary. 
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F 1Pr f r o pomt° n . u to either co _ traM f eo t heavy 

Electroporatxon was usea t-u e^uu 

and light Chain genomic constructs or -"r^T ~j 
feet heavy and light chain genomic construct* into Sp2,0 
cells, in sequential transf actions alectroporation of the 
~" , followed by selection 

chimeric light chain construct was followeo y _ _ 

in mycophenolic acid, screening culture supernatants from 
clones, grown in 96 well plates, for light chain produc- 
tion witT antisera against human light chain constant 
^gion using an ELISA technique, allowed selection of the 
highest light chain expressing clones. subsequent ela- 
boration of light chain transfectants with a vector 
confining the monlcey/human chimeric heavy cha in ^immuno- 
globulin construct allowed the selection of transf eetomas 
Impressing chimeric antibody of the desired specificity 

^ flight chain construct pGENEX-L (PIGS. 3 and 4, 
was transf acted into the murine myeloma cell line spa/0 ^by 
electroporation as follows. SP2/0 cells at a concentra- 
tion of 1 * icVml in transf action buffer ,272 
7mM sodium phosphate pH 7.4. ImM MgCl 2 ) were mixed with 50 
ug of p S EHEX- L containing the appropriate cloned light 
chain gene, which had previously, been .U«~^W 
tion with the restriction enzyme EyuH- The cells were 
e ,»» a iml disposable plastic spectrophotometry 
cuvette and plate electrodes 3.5 mm apart inserted into 
the cuvette. using a BTX-100 <BTX, Inc.) 
apparatus the cells were given a pulse of currant f or 500 
Xoseconds such that approximately 50* cell death 
occurred. This value was determined prior t 'J****™ 
faction by pulsing the cells, in the ->—»"* o±' cells 
increasing voltages and measuring the numbers o, : cells 

t »4-«t- The voltage versus cell viaoii 
surviving 24 hours later. Tne voitag 

Iirwas Plotted graphically and the voltage corresponding 
; to 50* cell death used for all subsequent 

experiments. Using the BTX-100 apparatus the optimal 
value was found to be a pulse at an amplitude of 200 
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500 microseconds. After pulsing the cells, they were 
allowed to recover on ice for 15 minutes before being 
transferred to 96-well tissue culture plates in Dulbecco <s 
modified Eagle's medium (DMEM) containing 5% fetal calf 
5 serum and 10% Sp2/0 conditioned medium. Cells were plated 
at a concentration at which cell growth was seen in 
approximately 1 in 3 of the wells after selection with the 
appropriate drug. This parameter was determined for each 
electroporation experiment by plating varying numbers of 
10 electroporated cells per well (1000 - 10,000) and select- 
ing for cells which have incorporated the plasmid. The 
number of wells on each plate which showed cell growth was 
counted after 2-3 weeks of selection. Thus, the appropri- 
ate number of cells that gave 1 out of 3 positive wells 
15 with a given concentration of a particular plasmid was 
determined for use in future experiments. 

Directly after electroporation cells were placed in 
medium without drug. Fresh medium was added two days 
after electroporation containing either G418 or mycophe- 
20 nolic acid for cells exhibiting neomycin phosphotransfer- 
ase or guanasyl phosphotransferase activity respectively. 
Cells were fed every 2 days for the first week and then 
twice a week thereafter. The concentration of drug to use 
was determined by incubating cells in the presence of 
25 increasing concentrations of drug and monitoring cell 
viability. The concentration of drug used was twice that 
which gave 100% killing. For Sp2/0 approximately l/*g 
mycophenolic acid/ml was required and for G4 18 approxi- 
mately 800/ig/ml 

30 cells were electroporated in several ways, either 

heavy and light chain genomic vectors (pGenex-H and 
pGenex-L) were co-electroporated, or the light chain was 
electroporated alone. In the latter case, clones were 
screened for high level expression of chimeric immunoglo- 

35 bulin light chain using an ELISA technique. These clones 
were then grown up and electroporated with heavy cham 
containing vector. If cDNA tandem gene constructs were 
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used! the expression vector (TCAE5 . 2 or TCAE6, was first 
linearised by digestion with the restriction enzyme Mail. 
A single electroporation was sufficient to 
oration of both heavy and light chain genes. after 2-3 
weexs supernatant* fro- wells which continue «. grow 
the presence of appropriate drug were assayed for the 
secretion of chimeric immunoglobulin light Cham or whole 
immunoglobulin using an ELISA technique. l^unoglobulin 
g enes in a cDNA configuration were ^"^f 
either SP2/0 cells, as described above, or into Chinese 
Hamster Ovary (CHO, cells adapted to grow in *^^™"\ 
serum-free medium. CHO cells were electroporated using a 
BTX 600 electroporation apparatus, set at conditions tor 
achieving maximal numbers of G41B resistant colonies. 
These were 210 volts, 400 p.F and 13 ohms. After electro- 
poration. cells were counted, washed in transaction buf- 
fer, resuspended in the same buffer and placed on ice for 
^minutes Cells were adjusted to 1 X "-cells/ml 
and 400 „1 of cell suspension placed in a 0.4 ml sterile 
deposable cuvette (BTX Xnc. , . 25 « of Not 1 linearized 
TCAE 5.2 or TCAE 6 vector DNA, containing cloned macaque 
immunoglobulin variable region genes, were resuspended 
TE buffer (10 mM Tris, 1 mM EDTA, PH 8.0) at 1 Mg/ml and 
added to the cell suspension. Electroporation was carried 
^ by discharging the apparatus using the automatic 
charge and pulse button. The cuvette was placed onice 
£o r 15 minutes, the cells diluted into 120 mis .of serum 
fr ee medium and placed into six ,6—11 P^tes (200^1 per 
fell containing approximately 6,667 electroporat^ ~ 
3 333 live cells per well) . Independent electroporation 
parameters were established for this cell line and selec- 
tion by G418 was at 400 Mg/ml. 

Sa^emm f« prodnc tion of antibody - 

The presence of human, monkey or enteric antibody 

secreted by transfectants was assayed by an ELISA tecb- 
ITZ as follows: 96-vell flat bottom plates (Dynatecb) 
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were coated with goat anti-human igG or kappa at 
ng/well in Coating Buffer (sodium carbonate 0.8 mg/ml, 
sodium bicarbonate 1.55 mg/ml, P H9.6) and incubated for at 
least 16hr at 4°C. The coating buffer was removed and the 
wells blocked with 120 „1 of Blocking Buffer (1% bovine 
serum albumin in phosphate buffered saline containing 0.2% 
sodium azide) and incubated at 37°C for Ihr. Up to 125 M l 
of cell culture supernatant was added to the wells con- 
taining blocking buffer and incubated 2 hrs at 37«C. The 
plates were then washed five times with PBS. 100 pi of 
horse radish peroxidase-labeled goat anti-human IgG (or 
kappa) diluted l: 1000 - 1:5000 in Dilution Buffer (1% 
bovine serum albumin, 0.05% Tween-20, 0.02% sodium .aside 
in PBS) was added. Plates were incubated at 37°C for 1 hr 
then washed five times with PBS. Chimeric antibody was 
detected with 100 ^ of hydrogen peroxide and the sub- 
strate, 3f 3- ,5,5'-tetramethylben2idine (1:1 v/v) per well. 
The color reaction was terminated after 2 to 5 min. with 
100 Ml of 2M sulfuric acid per well. 

Those of ordinary skill in the art can readily per- 
form equivalent methodologies to those described above. 
Examples of such technology include immortalization of 
selected B-cells by hybridoma fusion, as described above, 
with the cell line K5H6/B5 described by Carroll et al. , 
164 t ^^ent^i Medicine 1566, 1986, or an equivalent 
cell line, such as SPAZ4 (available from Sandoz , see, 
Ehrlich et al. , 34 nip. Chem. 1681, 1988) . Similar cell 
lines can be readily constructed by standard techniques 
using publically available methodology. Alternatively, 
immunoglobulin genes may be cloned from: (a) cells immor- 
talized by viral transformation with Her pes papio , as 
described by Markova et al. , 30 Vnpr Virusol 549, 1985, or 
with an equivalent virus, (b) by single B-cell cloning to 
provide a transient immortalization , as described by 
Maroso and Lipske 145 ,T ■ Immunology 3155, 1990, or (c) 
by use of a recombinant immunoglobulin bacteriophage lib- 
raries, as described by Huse et al. , 246 Science 1275 , 
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19 S9 and HcCafferty et al. , 343 UEK* ^ «™ 

Z for appropriate antibody containing clones can be 
p^foTed by those technics described above .r egu ~- 
. TT ^i t vnown to those of ordinary skixx m 

Xent -^-r^/^tTT^u^iobulin g ene rescued from 
5 tbe art. M * ^ '"""V^ In addition, the antibody 
the immortalized cell line. j-« ■*,._«„. 
, „ te v isolated monkey B cells can be used in human 

form a chimeric antibody 
tt Tne human constant region may he obtained by standard 
• . « „ nv desired isotype well known to those 
10 in trlrt, and tbe variable region of 

r« antibody ligated with that h^an = * - ^ 
Particularly useful chimeric antibodies against specific 
ceTl surface receptors which can be used in 
15 Z humans include CD4, ICMs. CD19. CD20. CDS. CDlla, 
CDllb. CD28. CD18, CD45. CD71, and TCP. 

■ . ' _ rt expressi ng a """*ey |T"H°1 chimeric 

20 and antibodies of this invention. 

SSSSE ^^—^I^T monkey (Whiteheads Hew Mexico 
„ • at. center) was immunized intramuscularly, at multiple 
Titef ^ " 0-300^ of soluble CD4 (sCD4) or cell mem- 
! m x 10» calls) from the CD4 positive cell line 

25 s»r using a standard adjuvant. Immunisation was 
\ using ^ of si tiBes . me monkey 

reP TlteTby iniecticn of 10 0*g of SCD4 into the 
ninal region of one thigh and one wee, later the drain- 
inguinal regi M surgically removed. 

30 T 9 hoc^es" vera Zo^ from the lymph node by slicing 
Lymphocytes were re V pMEM medium. The call 

the tissue and rinsing with sterile u ™i, ac ted 
suspension was passed through a nylon gauze and collected 

. by centrifugation at 1000 x g for 10 minutes. 
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Approximately 1 x 10 8 lymphocytes were suspended in 
Tris-ammonium chloride buffer (16mM, P H 7.5) and warmed to 

37-C for 5 minutes to lyse the erythrocytes. Lymphocytes 
were collected by centrifugation and resuspended in L-leu- 
5 cine methyl ester (LME) and incubated at 37- C for 45 min- 
utes. The LME treated cells were filtered through a nylon 
screen and centrifuge*. 1ml of fetal calf serum was 
added, the cells suspended and washed twice in serum-free 
RPMI The cells were counted and mixed into a single 50ml 
10 conical centrifuge tube together with an equal number of 
K6H6/B5 heteromyeloma cells, prewashed twice in serum free 
medium. Cells were gently suspended in 1 ml of 50% PEG 
(polyethylene glycol) added slowly with gentle starring 
over a 1 minute period. The cells were then resuspended 
15 by the addition of 20ml of serum-free medium over a 5 min- 
ute period, witb gentle mixing to dilute out tbe PEG. 
After washing twice with serum-free medium cells were 
resuspended at a concentration of 5 x io /0 . 1 ml in RPMX 
medium, containing 20% fetal calf serum and gentamycm and 
20 placed into 96 well micro tissue culture plates at 0.1 ml 
per well. An equal volume of HAT medium (0.1 ml) was 
added to each well and the hybrids allowed to grow for 
14-17 days before screening. 

c^^^» of jused rell Hybrids for the 

25 Product ^"" of Anti-CD4 . 

The assay to determine anti-CD4 specificity was as 
follows: ELISA plates were coated with recombinant^ 
at a concentration of lOOng per well and blocked with 1% 
bovine serum albumin in PBS. 50 ,1 aliquots of hybndoma 
30 supernatant were removed from each well and 

incubate with the sCD4 coated plates for 60 minutes 
Binding was detected by incubation with -I ^led^goat 
anti-human or goat anti-momcey ig for 60 mxnutes After 

: washing four times with distilled water, 

35 counted in a gamma counter. Positive *V 
assayed in duplicate and the hybridoma cells from those 
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M ells subclone* three times, first at 5 ^ 
. . , Der well- At this stage anti-sCD4 

P^Twere sc^neTfor the ability to bind to cell 
IZZ i: This was done by inhibition of binding - » 
S anti-CD* murine monoclonal, termed 1F3, to the CD4 posi 
S ceU line supTl. Briefly this was done » co-incu- 
H»I!na different amounts of monkey anti-CD4 and long of 
fueled T,3 with 3 X 10= supTX cells/well well 
plate. After incubation for 1 hour at 

,o "Uout ,0-35-0 cells were removed by yacuu, onto g lass 
fiber filters. After extensive washing with PBS the fll 
IT* were counted in a gamma counter to determine the 
^ibition of in' binding to supTl cells by the monfcey 
hvbridoma supernatants . 

1S i candidate clone was chosen which produced an antl- 

body Lac showed strong inhibition against IP,. The clone 
«TLose was isotyped using human isotyping reagents and 
Ld to be an lg« possessing a lambda light chain. This 
ceir line was grown up to larger numbers for cloning of 

20 its immunoglobulin genes. 

„■■.,., , sanss f1 — >— -y p-ceii s _ 

Total UNA was isolated from 1 x 10' monKey imm ortal 
ized B-c.ll. using the guanidinium isothiocyanate method 
2S ZTJZ above. one tenth of the total PHA was used to 
25 rrlgle stranded cOHA using an oligo dT 

tid e primer and reverse transcri pt ^^"J^ set 
o«« tpnth of the amount of ss cdna 

abOVe " ° M ***** ; he six pcp reactions each included one 
rro PCR reactions. Trie six r-^rv 

^ ., „ family specific oligonucleotide primers con- 
30 of six 5 V . family J t ether wlth an IgG 3 . 

ro^tanAe^on oligonucleotide containing an Eh& X site, 
constant regi * similarly, five PCR reactions, 

both shown ix > -^ ;;V J^a .ea'oer seguence cligonu- 
utilizing one of five 5 
35 cleotide primers containing a Eal I :.xt- an 

constant region prime containing an Ayr XI site, w 
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Reaction conditions were as described above. Each PGR 
reaction was run in triplicate. The products of each of 
the heavy chain and light chain amplification reactions 
were run on 1.2% agarose gels. The VH4 heavy chain primer 
5 (SEQ. ID. NO.: 13: 5' ACTAAGTCGACATGAAACACCTGTGGTTCTT 3 ) 
and lambda primer (SEQ. ID. NO.: 14: (5 ' ATCACAGATCTCTCAC 
CATGACCTGCTCCCCTCTCCTCC 3') gave strong bands on agarose 
gel electrophoresis. The products of these reactions were 
used for cloning into the vector TCAE 6, which contains 
L0 human IgGl and human lambda constant region sequences. 

Cloning of the two variable region genes into the 
expression vector TCAE 6 was done sequentially . First , 
the heavy chain PGR product and the vector TCAE 6 were 
digested with the restriction enzymes Sal I and Nhe I, the 
15 products extracted with phenol /chloroform, and passed 
through a SEPHADEX G-25 spin column. The PCR product was 
ligated to the cut vector overnight at 14 -C in the pres- 
ence of T4 DNA ligase. Approximately 500ng total DNA was 
ligated in a volume of 10^1 with an insert/vector molar 
20 ratio of io:l. Ligated. material was used to transform 
XL-1 Blue competent cells (Stratagene) and the transformed 
cells plated onto LB agar plates containing 50^g/ml ampi- 
cillin. Colonies of ampicillin resistant bacteria were 

vinicultures. Plasmid DNA was 
picked and grown as 5ml mmicumures _ 

25 extracted from each of these cultures by a standard alka- 
line lysis method cut with the restriction enzymes Sal^I 
and Nhe I and the products run on a 1.2% agarose gel 
Plasms with inserts of approximately 450b P were used .as 
templates for the subsequent cloning of light chain vari- 

30 able regions. The products of the light chain PCR reac- 
tion as well the plasmid containing the heavy chain insert 
were cut with the restriction enzymes BoJL II and Ayr II 
and ligated together. Plasmid vinicultures were screened 
by cutting with M II and Ayx II- Digests giving an 

35 insert of approximately 400-450 bp were scored pos^v • 
Plasmids containing both Sal I/Nhe I and Bgl II/Avr II 
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inserts were grown up in . larger quantities for 

^e^andem cleric antibody expression vectors TCAE 
5 2 and TCAE 6 were derived from the vector CLDN, whxch 
itself is a derivative of the vector RLDNlOb (253 S^ce 
77-79 , 1991) . HI^DNlOb in turn is a derxvatxve of the 
expression vector TND (7 DNA 651-661, 1988) 
expression vect or TND in the following 

RLDNlOb differs from the vector i*u 
ways. The dihydrof olate reductase (DHFR) transcrxptxonal 
cassette (promoter, cDNA, and polyadenylation regxon) was 
placed inbetween the tissue plasminogen activator cassette 
ft-PA expression cassette) and the neomycin phosphotrans- 
ferase (NEO) cassette so that all three cassettes are xn 
tandem and in the same transcriptional orxentatxon In 
addition, the DHFR gene promoter in CLDN has been replaced 
£ the .ouse beta globin major promoter (3 Kol ^ 
1246-54, 1983) and the t-PA cDNA replaced by a polylxnker. 
XII three euKaryotic transcriptional 

>.o « D arated from the bacterxal plasmxd 
nppp >tro^ can be separateu J - J - 

«nUtiv.) by ^- t ion with the restriction 

"^TZS^ — —use the Rous LTR in 
front of the polylinKer has been replaced 
cytomegalovirus Immediate early gene pro-oter enhancer (41 

25 Sell, 521, 1985) . 2 and TCAE 6 differ 

The expression vectors TCAE s.i onu 

from CLDK in that: „»».„. 
1, They contain four transcriptional cassettes 

(instead of three) , in tandem order: . 

,„■ (a) A human immunoglobulin light chain constant 

region derived via amplification of cDNA by a polymerase 
chain reaction. In TCAE 5.2 this is the human immunoglo- 
2 u# chain Kappa constant region (Kabat numbering 
£Z acids 108-214, allotype Km3) , and in TCAE 6 the 

3 5 hTan immunoglobulin light chain lambda constant region 
(Kabat numbering amino acids 108-215, genotype Oz minus, 
Meg minus, Ke minus allotype) 
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(b) A human immunoglobulin heavy chain constant 
region; in both constructs the human immunoglobulin heavy 
chain was a gamma 1 constant region (Rabat numbering amino 
acids 114-478 allotype Gmla, Gmlz) , which was derived via 
amplification of cDNA by a polymerase chain reaction. 

(c) DHFR; containing its own eukaryotic pro- 
moter and polyadenylation region. 

(d) NEO; also containing its own eukaryotic 
promoter and polyadenylation region. 

3) The human immunoglobulin light and heavy chain 
cassettes contain synthetic signal sequences for secretion 
of the immunoglobulin chains 

4) The human immunoglobulin light and heavy chain 
cassettes contain specific DNA linkers which allow for 
insertion of light and heavy immunoglobulin variable 
regions which maintain the translational reading frame and 
do not alter the amino acids normally found in immunoglo- 
bulin chains. The incorporation of the changes described, 
led to the construction of the vectors TCAE 5.2 and TCAE 
6 The cloning of the immunoglobulin light and heavy 
variable region genes, from the anti-CD4 heterohybridoma 
cell line E9.1, into TCAE 6 led to the construct which is 
deposited in the ATCC. The construct, which has been 
deposited, contains the cynomolgus monkey immunoglobulin 
heavy chain variable region and cynomolgus monkey immuno- 
globulin light chain variable region, whose sequences are 
shown in Figures 13 and 14 respectively, cloned from the 
anti-CD4 hybridoma cell line E9.1. The heavy chain con- 
stant region is of human origin of the gamma 1 isotype and 
Gmla, Gmlz allotype. The lambda light chain constant 
region is also of human origin, of the Oz minus, meg minus 
genotype and Ke minus allotype. The immunoglobulin genes 
are cloned into the mammalian expression vector TCAE 6, 
shown in Figure 6, which, when electroporated into the 
mammalian cell line CHO produced a monkey /human anti-CD4 
chimeric antibody . The DNA construct described herein , 
has been used to transform the bacterial strain XL-1 Blue., 
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selected in tee antibiotic ampicillin end deposited as a 
selecceo i .terile LB medium containing 

bacterial cell suspension in sterile 

" % M^r'usrful expression system is one in which the 
9 ene encoding a selective marker is modified to enhance 
yield of recombinant systems encoding a desired sequence. 
For example, translation initiation impairment of a domi- 
nant selectable marker results in fewer drug resistant 
colonies compared to a ncn-impaired vector, but each indl 
vidua! colony expresses significantly higher Revels of 
celled gene product than in the unimpaired vector^ For 
example, translation initiation is the first step in pro 
tein synthesis. The translation initiation site of the 
„eomyc£ phosphotransferase gene 

™= chanced from a consensus Kozak (sequence - ccAccATGG) 
was changed from cCT ccATGC) . Translational 

to a poor Kozak (sequence - ccTccatgc, . „,,«.„„ 
initiation impairment of the G418 resistance gene resulted 
Z Ta significant (5 fold, reduction in the number of 
Gi is resistant colonies obtained from a same amount of 
plasmid DNA, transfected per cell, and 2, a 
Increase in the amount of colinked product gene expressed 
™ch clone. Xn the clones containing the consensus 
Kozak 73% of the colonies screened produced less than 
"CI. with only 3% Producing greater than 100 ^ 
For clones with the altered, poorer Kosak. 8% of the 
colonies screened produced less than 25 ng/ml, compared 
with 63% of colonies producing greater than 100 ng/ml^ 
^ificaUy, referring to Fig. 16 (where ^ has a 
consensus Kozak, andTCAE 12 has a poorer Kozak) 258 
colonies were derived from 2 electroporations of 25 ^g of 
« which contains a neomycin Phosphotransferase gene with 

a consensus (unchanged, *«^«™.^«~\» 
tbese colonies (78%, did not express any *t-*>»» ^ 
product (i^, <23 ng/ml of chimeric immunoglobulin,, and 
; !nly 8 colonies (3%, expressed more than 100 ng/ml. 98 
lories were derived from 6 electroporations of 25 *g of 
™t which contains the neomycin phosphotransferase gene 
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with an altered translation start site. 63% of these 
colonies were expressing more than 100 ng/ml, and only 8% 
of these colonies expressed less than 25 ng/ml. 

DNA sequ encing 

5 Plasmid DNA was prepared from 100ml cultures . It was 

further purified by precipitating (1 volume) with a mix- 
ture of 2.5M sodium chloride and 20% polyethylene glycol 
(6 volumes) on ice for 15 minutes. After centrifugatxon 
at 10,000 x g for 20 minutes, the pellet was washed with 
10 70% ethanol, recentrifuged and dried in a Speedivac 
(Savant) . The pellet of DNA was resuspended in deionized 
water at a concentration of 150-250 >g/ml. Sequencing was 
carried out on 5^g of double stranded DNA using the tech- 
nique of Sanger. Sequencing primers which were homologous 
15 to sequences within the expression vector upstream and 
downstream of either the light chain or heavy chain 
inserts were used. The inserts were sequenced in both 5 
to 3' and 3' to 5- directions. Two clones of anti-CD4 
light chain and two clones of anti-CD4 heavy chain each 
20 generated from separate PGR reactions were sequenced in 
parallel in order to determine whether any nucleotide 
changes had been introduced during the PGR reaction. Both 
of the chosen heavy chain and both light chain clones were 
found to be identical over their entire length, confirming 
25 that no errors had been introduced during the amplifica- 
tion process. The sequence of the anti-CD4 heavy and 
light chains are shown in Figures 13 and 14 and Sequence 
Listing Nos . : 15 and 16. 

.v prp^ion MonVPv/Hum^ Chimeric Anti-CD4 

The expression vector TCAE 5.2 and TCAE 6 are not 

only able to be used for stable integrated expression into 
the cell lines Sp2/0 and GHO but, because it includes the 
SV40 origin, is also able to be expressed transiently m 
the cell line COS. COS cell expression was performed as 
35 follows: COS cells were seeded one day before the trans- 
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fection so that they would he 50-70% confluent the follow- 
^Toav culture medium was removed and the cells washed 
^Ice with Transaction Bu«er (TB - KaCl, 25mM 

ZZ, Z KC1. ..«««■»,». IBM MgCl„ ImH CaCl 2 , 30 , . 
^ cesium chloride purified TCAE s plasmid containing the 
a nt"cD4 monKey/human chimeric heavy and light immun oglo- 
chains were mixed with 3ml of DEAE dextran per dish 
^ in TB) . The DNA was allowed to incubate with the 
lel^s for 1 hour at 37-C. DMA solution was removed and 
Hp Iced with 3ml of 20* glycerol for ^l"^ 
"ter which the cells were twice washed with TB Cells 



Xn meaxuiu 

15 £or 72 hours. Supernatant <100 (1 1, from the 

COS cells was assayed at various dilutions, for^e pre 
ence of antihody hy an ELISA-based technique. Coat antl 
^an lambda was used to coat ,< well — '^^-^ * 
Peroxidase-labeled goat anti-human IgG as the 

! * under standard ELISA conditions. COS cells were 

20 ro^rto'prXe hetween 10 and „ ng/ml of monKey/human 
nTeric antihody. larger volumes of supernatan t were 
concentrated 10 fold and used in a 

CD4 positive supTl cells. The parental whole monkey antl 
25 hody and an irrelevant human immunoglobulin were.,se as 

_ controls respectively (Fig- ID- 

■ rimeric anti-cp< were used to inhibit tbe b^g of a 

« nA riF31 antibody (Fig. 12). J-^ 
, • ^ affinity mouse anti-CD4 (irs) aAlWJ - - 1 

, 0 :r:e":L y tbat ~ 

Tl" Ts^blT^inhibit the binding of 1P3 to s C04 

pSitive cells in approximately the same concentrations of 
wholly monkey antibody or 1F3 ^ and 

35 The following is an example of the 

antibodies of this invention. 
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BM flajj G e nexafciSD of M°njcgy ^ifc°djes Against Human 

T,vmphoc Y^& Antiaens 

An adult cynomolgus monkey (White Sands New Mexico 
Primate Center) was immunized intramuscularly, at multxple 
5 sites with 5 x 10 8 whole CD54 positive human lymphocytes. 
Cells' used were alternately, SB cells (human B lymphoid 
line) and activated peripheral human lymphocytes, acti- 
vated by pre-incubation with a mixture of pokeweed mitogen 
(2.5mg/ m l) , Phorbol monoacetate (40 nM) and phytohemagglu- 

10 tinin (4mg/well> with the inclusion of a standard adju- 
vant, immunization was repeated every 2-3 weeks over a 
period of 8 months. Sera from the immunized animals were 
screened at various times by inhibition of binding of a 
murine antibody, 84H10, known to bind to ICAM-1. A satur- 

15 ating amount of 84H10 was. bound to Chinese hamster ovary 
cells (CHO) , previously transacted With an expression 
vector containing human CD54 c-DNA and selected for high 
expression of cell surface CD54 , together with increasing 
dilutions of monkey serum. The inhibition of 84H10 binding 

20 is shown in FIG. 15. 

Other murine monoclonal antibodies which recognize 
other human lymphocyte antigens were tested by inhibition 
using monkey sera obtained by the same immunization 
methods . 

2 5 Use , 

Antibodies produced in the manner described above, or 
by equivalent techniques, can be purified by a combination 
of affinity and size exclusion chromatography for charac- 
terization in functional biological assays ^""^ 
30 include determination of specificity and brndrng affrnrty 
as well as effector function associated with the expressed 
isotype.e.g., ADCC. or complement fixation. Such antr- 
Z*Z may be used as passive or active therapeutic agents 
against a number of human diseases, including B cell 
3S lymphoma, infectious diseases .*>^™~> ~ 



and 



iuiiitt f - . ■ . ■ 

inflammatory diseases, and transplantation. 
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— can be used either ^"^'^Tody 

P~ - " «^SX f r^SSL- pr antibody 
toxin » be us ed as imaging reagents 

fragments (Fab 2 , Fab, rv } m y ,„„„ ens in active immuno- 

„ _ be determined by standard tecnnrgue 

tic effect can be aererm The anti- 

Known to those of ordinary sKxll i ' ^ ^ teonnique 
bodies will generally be pro^ded^by st-^e 

within a pharmaceutical^ •?"^ M *J^*' B< the effi- 
edministered by any desired route ^Becaus 

ce=y of - presently = -r^nistel these anti- 
rdles^.ivety border to combat various diseases or 

disease states within a human. . ( £ragm ents 

n.w »r,ti-CD4 recombinant antibodies lor i 
T fth2 invention are also useful for inducing 
thereof) .of a suppression of a 

immunosuppression, 1^ invention there- 

hu »en.s -^''■--^JS-W.. therepeu- 

reiiy 1 - r i e^r 

^uT^^ 

human or other animal. invention to 

. 0 f -the compounds of tins mv 

The ability th P demo nstrated in standard 

induce immunosuppression nay he^ ^ 
t ests ^-.^P^e -e^ inhibition of 
cvte reaction test or a - lltrt>B j a 
, ^ cell proliferation -sured -y uptaHe.^ ^ 

The fact that the antibodies of rni 

. etili" in .^■'—-^ri^s^L^ 
useful in the treatment or kla „ey, 
.ejection of transplanted organs or ^"- ^ treat - 

5 heart, ^J^*^ ^ ^ inflammatory, prolifera- 
te -JTZZZi* — ■ and of outaneoas 
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Manifestations of immunologically medicated diseases 

r. <^ rheumatoid arthritis, lupus erythematosus, systemic 

lupus' erythematosus, Hashimotos thyroiditis , multiple 

sclerosis, myasthenia gravis, type 1 diabetes -eitis, 

« nenriasis atooical dermatitis, con- 
5 nephrotic syndrome, psoriasis, atopic 

tact dermatitis and further eczematous dermatitides , 
seborrheic dermatitis, Lichen planus , Pemplugus , bullous 
pemphigus, Epidermolysis bullosa, urticaria, angioedemas, 
vasculites, erythema, cutaneous eosinophil ias, Alopecia 
10 areata, ) , the treatment of reversible obstructive 

airways disease, intestinal inflammations and allergies 
, e . q . coeliac disease, proctitis, eosinophils gastro- 
enteritis, mastocytosis, Crohn-s disease and ™^ 
colitis) and food-related allergies (e^u, migraine, 

15 rhinitis and eczema) . 

one skilled in the art would be able, by routine 
experimentation, to determine what an effective 
amount of antibody would be for the purpose of inducing 
immunosuppression. Generally, however, an effective 
20 dosage will be in the range of about 0.05 to 100 milli- 
grams per kilogram body weight per day. 

The antibodies (or fragments thereof) of this inven- 
tion should also be useful for treating tumors in a mam- 
ma!. More specifically, they should be useful for reduc- 



max, wore byc^xjexw s , - ^ _ . 

25 ing tumor size, inhibiting tumor growth and/or prolonging 
the survival time of tumor-bearing animals. »==°^ly. 
this invention also relates to a method of treating ^tumors 
in a human or other animal by administering to such human 
or animal an effective, non-toxic amount of an antibody. 
30 one skilled in the art would be able, by routine exPeri 
mentation, to determine what an effective, 
amount of antibody would be for the purpose 
carcinogenic tumors. Generally, however an 
dosage is expected to be in the range of about 0.05 to 100 
milligrams per kilogram body weight per day . 

The antibodies of the invention may be administered 
human or other animal in accordance with the afore- 



35 

to a 



SUBSTITUTE SHEET 



WO 93/02108 



PCT/US92/06194 



40 



mentioned methods of treatment in an amount sufficient to 
produce such effect to a therapeutic or prophylactic 
degree. Such antibodies of the invention can be admmis- 
tered to such human or other animal in a conventional 
5 dosage form prepared by combining the antibody of the 
invention with a conventional pharmaceutical^ acceptable 
carrier or diluent according to known techniques. It will 
be recognized by one of skill in the art that the form and 
character of the pharmaceutical^ acceptable carrier or 

10 diluent is dictated by the amount of active ingredient 
with which it is to be combined, the route of administra- 
tion and other well-known variables. 

The route of administration of the antibody (or frag- 
ment thereof) of the invention may be oral/ parenteral, by 

15 inhalation or topical. The term parenteral as used herein 
includes intravenous, intramuscular, subcutaneous, rectal, 
vaginal or intraperitoneal administration. The subcutane- 
ous and intramuscular forms of parenteral administration 

are generally preferred. 

The daily parenteral and oral dosage regimens for 
employing compounds of the invention to prophylactically 
or therapeutically induce immunosuppression, or to thera- 
peutically treat carcinogenic tumors will generally be in 
the range of about 0.05 to 100, but preferably about 0.5 
25 to 10, milligrams per kilogram body weight per day. 

The antibody of the invention may also be adminis- 
tered by inhalation- By "inhalation" is meant intranasal 
and oral inhalation administration. Appropriate dosage 
forms for such administration, such as an aerosol formula- 
30 tion or a metered dose inhaler, may be prepared by ^conven- 
tional techniques. The preferred dosage amount of ^com- 
pound of the invention to be employed is generally within 
the range of about 10 to 100 milligrams. 

The antibody of the invention may also be admims- 
35 tered topically. By topical administration is -ant non- 
systemic administration and includes the application of an 
antibody (or fragment thereof) compound of the xnventxon 
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external to the epidermis, to the buccal cavity and 
instigation of such an antibody into the 
nose, and where it does not significantly enter the blood 
stream. By syste-ic administration is meant oral, intra- 
5 venous, intraperitoneal and intramuscular administration. 
The amcunt of an antibody retired for ^"P^tic- 
prophylactic effect will, of course, vary with ^n" 
Ldy chosen, the nature and severity of the -ndrt.on 
being treated and the animal undergoing treatment, and^s 
10 uttilately at the discretion of the physician. * -ultab e 
topical dose of an antibody of the invention will gener 
ally be within the range of about 1 to 100 milligrams per 
kilogram body weight daily. 

Formulations 

1S While Lt is possible for an antibody or "agment 

thereof to be administered alone, it is preferable to 

. present it as a pharmaceutical formulation The active 

for toDical administration, from 
ingredient may comprise, for topical ^ 

0.001% to 10% w/w, e^, from l«.to 2< by weig 
20 formulation, although it may comprise as much as 10* w/w 

but preferably not in excess of 5% w/w and more preferably 

from 0.1% to 1% w/w of the formulation. 

The topical formulations of the present invention, 

comprise an active ingredient together with one or more 
25 Acceptable carriers, therefor and optionally any other 

therapeutic ingredients «., . The carrier (s, must ^e 

"acceptable" in the sense of being compatible with the 
■ o^her ingredients of the formulation and not deleterious 

3 0 " ^faul^tSble for topical administration 
include liquid or semi-liguid preparations Xe^ treat- 
penetration through the skin to the site of where treat 
meat is required, ; such as liniments, lotions, creams, 
: XLents oTpaste's. and drops suitable for administration 

35 to the eye, ear or nose. 
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Dr ops according to the present invention nay emprise 
sterile aqueous or oily solutions or suspensions and may 
be Prepared by dissolving the active ingredient in a suit- 
able I^ous solution of a bactericidal and/or fungicidal 
^/or any other suitable pr«ervative an pr fer- 
ably including a surface active agent The^ result^ , 
T mav then be clarified by filtratxon, transferred 

solution may x:nen jj« d-^-ril- 
to a suitable container which is then sealed and steril 
"ad ny autoclaving or maintaining at S0-100-C for half 
antourV Alternatively, the solution may be sterilized by 
an hour. . to container by an aseptic 

filtration ^ "^^tericidal and fungicidal agents 
"Tb^ f or "elusion in the drops are phenyleercuric 
suitable for inclu ben2alkon ium chloride (0.01%) 

nitrate or acetate (»•»"*> • suitab le solvents for 

^e^ 

^ acc^i^^prestnt invention include 

Citable - --- — S^-S 

- -c^-iST ort^c-in^ ^e present 
invention are ^^^^^^^ 

ione or in solution or suspension in an aqueous or 
£oro , alone or in s 

non-agueous fluid ^ may comprise 
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10 



15 



such as stearic or oleic acid together with an alcohol 
such as propylene glycol or macrogols. The formulation 
may incorporate any suitable surface active agent such as . 
an anionic, cationic or non-ionic surface active such as 
sorbitan esters or polyoxy ethylene derivatives thereof. 
Suspending agents such as natural gums, cellulose deriva- 
tives or inorganic materials such as silicaceous silicas, 
and other ingredients such as lanolin, may also be 
included. 

It will be recognized by one of skill in the art that 
the optimal quantity and spacing of individual dosages of 
an antibody or fragment thereof of the invention will be 
determined by the nature and extent of the condition being 
treated, the form, route and site of administration , and 
the particular animal being treated, and that such opti- 
mums can be determined by conventional techniques. It 
will also be appreciated by one of skill in the art that 
the optimal course of treatment, L^, the number of doses 
of an antibody or fragment thereof of the invention given 
>0 per day for a defined number of days, can be ascertained 
by those skilled in the art using conventional course of 
treatment determination tests. 

Without further elaboration, it is believed that one 
skilled in the art can, using the preceding description, 
25 utilize the present invention to its fullest extent The 
following are, therefore, to be construed as merely illus- 
trative examples and not a limitation of the scope of the 
present invention in any way. 

Capsule Compos ition _ 
30 A pharmaceutical composition of this invention in the 

form of a capsule is prepared by filling a standard two- 
piece hard gelatin capsule with 50 mg. of an antibody or 
fragment thereof of the invention, in powdered form, 
100 mg. of lactose, 32 mg. of talc and 8 mg. of magnesium 
35 stearate. 
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Tn ^ eeta ble Paxgntera ] ^™r" sition 

I pLr»ac e u ^T^I^ of this invention in a 
> litable for administration by injection is prepared 
form suitable for antibo dy or fragment 

S ^J^^ZZZ 'n 10* by volume propylene glycol 
abater . The solution is steriiised by filtration. 

PJi,£a ^i b oa^f fragment thereof of the invention 1.0 g. 
White soft paraffin to 100.0 g. 

W antibody or fragment thereof of the invention is 
dispersed In a small volume of the vehicle to produce a 
tZZ : nomogeneous product, collapsible metal tubes are 
then filled with the dispersion. 

ToP icaj Creaia composition 

i opicdi -— f th invention 1.0 g. 

15 Antibody or fragment thereof ot ui 

Polawax GP 200 20.0 g. 
Lanolin Anhydrous 2.0 g. 

White Beeswax 2.5 g. 
Methyl hydroxybenzoate 0.1 g. 
on Distilled Water to 100. 0 g. 

20 ^ Polawax, beeswax and lanolin are heated together 

at i0 . e a solution of methyl hydroxybensoate is added 
„d ho^genization is achieved using high 

" ^y^eTtToughout. and the composition is 
allowed to cool with slow speed stirring. 

Topica] composition . \ 

. p * : : I fhoreof of the invention 1.0 g. 

Antibody or fragment tnereor. 

3 0 sorbitan Monolaurate 0.6 g. 

polysorbate 20 0.6 g. 
cetostearyl Alcohol 1.2 g. 
Glycerin 6.0 g. 
Methyl Hydroxybenzoate 0.2 g. 
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Purified Water B.P.to 100.00 ml. (B.P. = British 
Pharmacopeia) 

The methyl hydroxybenzoate and glycerin are dissolved 
in 70 ml. of the water at 75<»C. The sorbitan roonolaurate, 
5 polysorbate 20 and cetostearyl alcohol are melted together 
at 75°C and added to the aqueous solution. The resulting 
emulsion is homogenized, allowed to cool with continuous 
stirring and the antibody or fragment thereof of the 
invention is added as a suspension in the remaining water. 
10 The whole suspension is stirred until homogenized. 

Eve Drop Composition 

Antibody or fragment thereof of the invention 0.5 g. 

Methyl Hydroxybenzoate 0.01 g. 

Propyl Hydroxybenzoate 0.04 g. 
15 Purified Water B.P. to 100.00 ml. 

The methyl and propyl hydroxybenzoates are dissolved 
in 70 ml. purified water at 75°C and the resulting solu- 
tion is allowed to cool. The antibody or fragment thereof 
of the invention is then added, and the solution is ster- 
20 ilized by filtration through a membrane filter (0.022 /ra 
pore size), and packed aseptically into suitable sterile 
containers. 

composition for Ad ™ in -juration by Inhalation 

For an aerosol container with a capacity of 15-20 ml: 

25 mix 10 mg. of an antibody or fragment thereof of the 
invention with 0.2-0.5% of a lubricating agent, such as 
polysorbate 85 or oleic acid, and disperse such mixture in 
a propellant, such as freon, preferably in a combination 
of (1,2 dichlorotetrafluoroethane) and dif luorochloro- 

30 methane and put into an appropriate aerosol container 
adapted for either intranasal or oral inhalation 
administration. 
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ggB BOSifejoB t fl C ^jaStratias bv Inhalation 

For an aerosol container with a capacity of 15-20 ml. 
dissolve 10 mg. of an antibody or fragment thereof of the 
invention in ethanol (6-8 ml. ) , add .0.1-0.2% of a lubrx- 
5 eating agent/ such as polysorbate 85 or oleic acid, and 
disperse such in a propellent, such as freon, preferably 
in combination of (1.2 dichlorotetraf luoroethane) and 
difluorochloromethane, and put into an appropriate aerosol 
container adapted for either intranasal or oral xnhalatxon 

10 administration. / . 

The antibodies and pharmaceutical compositions c£ the 
invention are particularly useful for parenteral adminis- 
tration, i^. subcutaneous ly, intramuscularly or intra- 
venously. The compositions for parenteral administration 
15 will commonly comprise a solution of an antibody or frag- 
ment thereof of the invention or a cocktail thereof dis- 
solved in an acceptable carrier, preferably an aqueous 
carrier. A variety of aqueous carriers may be employed, 
fi ^, water, buffered water, 0,4* saline, 0.3% glycine 
20 ano~the like. These solutions are sterile and generally 
free of particulate matter. These solutions may be ster- 
ilized by conventional, wall-Known sterilisation tech- 
niques. The compositions may contain pharmaceutical^ 
acceptable auxiliary substances as required to ™^ 
2 5 physiological conditions such as pH adjusting and buffer 
In, agents, The concentration of the antibody or 

fragment thereof of the invention in such pharmaceutical 
formulation can vary widely, i^. from less than about 
0.5%, usually at or at least about 1% to as much as 15 or 
30 20% by weight, and will be selected primarily based on 

. QfP according to the parti- 

fluid volumes, viscosities, sfej. , according 

cular mode of administration selected. - _ _ 

Thus, a pharmaceutical composition of the : invention 
for intramuscular injection could be prepared to contain 
35 1 ml, sterile buffered water, end 50 mg. of an antibody or 
fragment thereof of the invention. Similarly, a pharma- 
ceutical composition of the invention for intravenous 
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infusion could be made up to contain 250 ml. of sterile 
Ringer's solution, and 150 mg. of an antibody or fragment 
thereof of the invention. Actual methods for preparing 
parenterally administrable compositions are well-known or 
will be apparent to those skilled in the art, and are 
described in more detail in, for example, Remington's 
P * a ™ af ^ic *i fierce , 15th ed. , Mack Publishing Company, 
Easton, Pennsylvania, hereby incorporated by reference 



10 



herein. 

The antibodies (or fragments thereof) of the inven- 
tion can be lyophilized for storage and reconstituted in 
a suitable carrier prior to use. This technique has been 
shown to be effective with conventional immune globulins 
and art-known lyophilization and reconstitution techniques 

15 can be employed. 

Depending on the intended result, the pharmaceutical 
composition of the invention can be administered for pro- 
phylactic and/ or therapeutic treatments . In therapeutic 
application, compositions are administered to a patient 
20 already suffering from a disease, in an amount sufficxent 
to cure or at least partially arrest the disease and its 
complications, in prophylactic applications, compositions 
containing the present antibodies or a cocktail thereof 
are administered to a patient not already in a disease 
25 state to enhance the patient's resistance. 

Single or multiple administrations of the pharmaceu- 
tical compositions can be carried out with dose levels and 
pattern being selected by the treating physician. In any 
event, the pharmaceutical composition of the invention 
should provide a quantity of the altered antibodies (or 
fragments thereof) of the invention sufficient to effec- 
tively treat the patient. 

It should also be noted that the antibodies of this 
invention may be used for the design and synthesis of 
either peptide or non-peptide compounds (mimetics ) which 
would be useful in the same therapy as the antibody. See, 
e.g. , saragovi et al., Science, 253, 792-795 (1991). 
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10 



15 



^^rain h as b een deposited with the ATCC and 

Strain depoS it was made on July 9, 

assigned number . in;LS F 

1992 " • <- . «r,d their assignees acknowledge their 
^hiUtv to re^e ^ e cultures shoui* they die 

before the end ^ eulture , or 30 years , 

5 years after^the ^ rMponsibili ty to notify 

Whi T er -torTof tne Issuance of - a patent, at which 
the depository of "cne x available to the 

4.*, ^o«*it will be made irrevocably avaiiaox 
time the deposit d t will be made avail- 
public. Until that time th P ^ ^ 
able to the commissioner of Patents 

Section 1-14 and 35 U.S.C. Section 112. 
Other embodiments are within the following claims . 
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(1) GENERAL INFORMATION: 



fi) APPLICANT: ROLAND A. NEWMAN 

NABIL HANNA 
RONALD W. RAAB 

(ii) TITLE OF INVENTION: CHIMERIC ANTIBODIES FOR HUMAN THERAPY 

(iii) NUMBER OF SEQUENCES: 16 

(iv) CORRESPONDENCE ADDRESS: 

fA) ADDRESSEE: Lyon & Lyon 

(B) STREET: 611 West Sixth Street 

(C) CITY: Los Angeles 

(D) STATE: California 

(E) COUNTRY: U.S.A. 

(F) ZIP: 02111-2658 

(V) COMPUTER. READABLE FORM: 

(A) MEDIUM TYPE : 3.5" Diskette, 1-44 Mb storage 

(B) COMPUTER: IBM Compatible 

fc! OPERATING SYSTEM: IBM P.C. DOS (Version 5.0) 
(D) SOFTWARE : WordPerfect (Version 5.0) 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

Prior applications total, 
including application 
described below: 2 

/ A \ APPLICATION NUMBER: 07/856,281 
(B) FILING DATE: 23-MAR-1992 

(A) APPLICATION NUMBER: 07/735 ,064 

(B) FILING DATE: 25-JULY-1991 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: ■ Warburg, Richard J. 

(B) REGISTRATION NUMBER: zIl ^Z* 

(C) REFERENCE/ DOCKET NUMBER: 198/158 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (213) 489-1600 

(B) TELEFAX: (213) 955-0440 
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(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 
CCATGGACTG GACCTGG 

(3) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 
ATGGACATAC TTTGTTCCAC 

(4) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 ' 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 
CCATGGAGTT TGGGCTGAGC 

(5) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO 
ATGAAACACC TGTGGTTCTT 



WO 93/02108 



PCT/US92/06194 



51 



(6) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO:- 5: 

20 

ATGGGGTCAA CCGCCATCCT 

(7) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 6: 

20 

ATGTCTGTCT CCTTCCTCAT 

(8) INFORMATION FOR SEQ ID NO: 7: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 7: 

16 

TTGGGGCGGA TGCACT 

(9) INFORMATION FOR SEQ ID NO: 8: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 8: 

. . 17 
GATGGGCCC TTGGTGGA 

(10) INFORMATION FOR SEQ ID NO: 9: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 21 

fB) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 9: 

• 21 

GATGACCCAG TCTCCAGCCTC 

K 

(11) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS: 

f A) LENGTH: 21 

fB) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 10: , 

21 

CTCACTTGCT GCACAGGGTCC 

Y VR M 
(12) INFORMATION FOR SEQ ID NO: 11: 
(i) SEQUENCE CHARACTERISTICS: 

fA) LENGTH: 19 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 111 

19 

AAGACAGATG GTGCAGCCA 

( 13 ) INFORMATION FOR SEQ ID NO: 12 : 
{i) SEQUENCE CHARACTERISTICS : 

fA) LENGTH: 20 

fB) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 12: 

20 

GGAACAGAGT GACCGAGGGG 

(14) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 31 

(B) TYPE: NUCLEIC ACID 

(C) STRAND EDNESS : Single 

(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 13: 



ACTAAGTCGA CATGAAACAC CTGTGGTTCT T 31 



(15) INFORMATION FOR SEQ ID NO: 14: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 14 
ATCACAGATC TCTCACCATG ACCTGCTCCC CTCTCCTCC 
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(16V INFORMATION FOR SEQ ID NO: J"- 5: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 423 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 15 : 



GAC 


ATG 


AAA 


CAC 


CTG 


TGG 


TTC 


TTC 


CTC 


CTC 


CTG 


GTG 


GCA 


GCC 


CCC 


AGA 


48 


TGG 


GTC 


TTG 


TCC 


CAG 


GTG 


CAG 


CTG 


CAG 


GAG 


GCG 


GGC 


CCA 


GGA 


CTG 


GTG 


96 


AAG 


CCT 


TCG 


GAG 


ACC 


CTG 


TCC 


CTC 


ACC 


TGC 


AGT 


GTC 


TCT 


GGT 


GGC 


TCC 


144 


ATC 


AGC 


GGT 


GAC 


TAT 


TAT 


TGG 


TTC 


TGG 


ATC 


CGC 


CAG 


TCC 


CCA 


GGG AAG 


192 


GGA 


CTG 


GAG 


TGG 


ATC 


GGC 


TAC 


ATC 


TAT 


GGC 


AGT 


GGT 


GGG 


GGC 


ACC 


AAT 


24 0 


TAG 


AAT 


CCC 


TCC 


CTC 


AAC 


AAT 


CGA 


GTC 


TCC 


ATT 


TCA 


ATA 


GAC 


ACG 


TCC 


288 


AAG 


AAC 


CTC 


TTC 


TCC 


CTG 


AAA 


CTG 


AGG 


TCT 


GTG 


ACC 


GCC 


GCG 


GAC 


ACG 


33 6 


GCC 


GTC 


TAT 


TAC 


TGT 


GCG 


AGT AAT 


ATA 


TTG 


AAA 


TAT 


CTT 


CAC 


TGG 


TTA 


384 
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TTA TAC TGG GGC CAG GGA GTC CTG GTC ACC GTC TCC TCA 

(17) INFORMATION FOR SEQ ID NO: 16 : 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 387 

(B) TYPE: NUCLEIC ACID 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 16: 
A CC ATG GCC TGG GOT CTG CTG CTC CTC GGC CTC CTT GCT CAC TTT ACA 
CAC TCT GCG GCC TCC TAT GAG TTG AGT CAG CCT CGC TCA GTG TCC GTG 
TCC CCA GGA CAG ACG GCC GGG TTC ACC TGT GGG GGA GAC AAC GTT GGA 
AGG AAA AGT GTA CAG TGG TAC CAG CAG AAG CCA CCG CAG GCC CCT GTG 
CTG GTC ATC TAT GCT GAC AGC GAA CGG CCC TCA GGG ATC CCT GCG CGA 
TTC TCT GGC TCC AAC TCA GGG AAC ACC GCC ACC CTG ACC ATC AGC GGG 
GTC GAG GCC GGG GAT GAG GCT GAC TAT TAC TGT CAG GTG TGG GAC AGT 
ACT GCT GAT CAT TGG GTC TTC GGC GGA GGG ACC CGG CTG ACC GTC CTA 
GGT 



423 



48 
96 
144 
192 
240 
288 
33 6 
384 
387 



WO 93/02108 



PCT/US92/06194 



55 

claims ; 



a 



1 A recombinant antibody comprising a human, 
chimpanzee or a first Old World monkey immunoglobulin con- 
stant region and an antigen-binding portion of a second 

5 Old world monkey immunoglobulin variable region; wherein 
said first and second Old World monkey can be the same or 
different. 

2 A recombinant antibody comprising an immunoglobu- 
lin heavy or light chain having specificity for a particu- 

10 lar known antigen having a constant region homologous to 
a corresponding constant region of a human, chimpanzee or 

first Old World monkey antibody, 

a framework region homologous to a corresponding 

human, chimpanzee or second Old World monkey framework 

15 region, and . . . , _, H 

an antigen-binding portion homologous to a third Old 

World monkey antigen-binding portion , wherein said t xrst , 
second, and third Old World monkey can be the same or 
different. 

20 3 A recombinant antibody comprising an immunoglo- 

bulin constant region which is not immunogenic to a human, 
a framework region which is essentially not immunogenic to 
a human, and an antigen-binding portion of a first Old 
World monkey immunoglobulin variable region. 

25 4 . The antibody of claim 1, 2 or 3 wherein said 

antibody binds specifically to a human antigen. 

5 The antibody of claim 3 wherein said constant 
region' is homologous to a constant region of a human, a 
chimpanzee or a second Old World monkey 

constant region, wherein said first and second Old World 
monkey can be the same or different. 
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6. 



s The antibody of claim 3 wherein seid 
region is homologous to * human, cniapan.ee or Old World 
monkey framework region. 

7. The antibody of claim 1, 2 or 3 wherein one said 
5 old World monkey is a Bhesus monkey. 

8 . The antibody of claim 1, 2 or 3 wherein one said 
Old World monkey is a cynomolgus monkey. 

S. The antibody of claim 1, 2, or 3 wherein one 
said Old World monkey is a baboon. 

10 a recombinant antibody comprising a first Old 

.rld^ey ^ rZZ?£ ^ « 
antigen-binding portion of a different 
imunoglobulin variable region. 

H. The antibody of claim 10, wherein said antibody 
15 binds specifically to a human antigen. 

- • -i o ^ 5 6. 10 or 11 
12. The antibody of claim 1, 2, 3, 5, 6, 

„ v.- «=r^«~ i-FicallV to human antigens 

TT n T T_ 8 human T-cell receptor, CD3 , <_u^o, 

20 ~ u r-i. cis, cosa. coxic ^ 

. product, MDR- 1, TGFa. TGFa receptor. PDGF, and CD71. 

13 The antibody of claim 4 wherein said antiiody 

„• * loe cifically to human antigens chosen from CD56, 
binds specifically c CD20> 

55 VCAM VLA4, CD2, LFA3, ELSM, M". C" 25 ' tu ' 

V C ^: C041. COM « ^ =0^ 

^"r"^ —a product, 
TGFa, TGFa receptor, PDGF, and CD71. 
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14. The antibody of claim 7 wherein said antibody 
binds specifically to human antigens chosen from CD58, 
VCAM, vL, CD2, LFA3 , ELAM , LAM , CD23, CD25 , CD4 , CD1S 
CD20, CD41, CD44, CD54 , TNFa , TNFB , Tn antigen 
5 IL-8 human T-cell receptor, CD3 , CD28, CDS, CDlla, CDllb 
CDllc, CD18, CD5a, CD45, neu oncogene product, MDR 1, 
TGFa , TGFa receptor, PDGF, and CD71. 

15 The antibody of claim 8 wherein said antibody 
binds specifically to human antigens chosen from CD58 

10 VCAM , VLA4 , CD2 , LFA3 , ELAM , LAM , CD23, CD25, CD4 , CD19 
CD20, CD41, CD44, CD54 , TNFa, TNFB , Tn antxgen, IL 1. 
\U human T-cell receptor, CD3 , CD28, CD8 , CDlla, CDllb, 
CDllc, CD18, CD5a, CD45, neu oncogene product, MDR-1, 
TGFa, TGFa receptor, PDGF , and CD7 1 . 

16 The antibody of claim 9 wherein said antibody 
binds specifically to human antigens chosen from CD58 
VCAM, vL, CD2, LFA3, ELAM, LAM, CD25 , CD4 CD19 , CD20 

■ . n n^ A TNFa . TNFB, Tn antigen, 
nr\oi CD41. CD44, CD54 , >wru, x^*^ f 

hlan T-cell receptor, CD 3 , CD28, CD8 , CDlla, CDllb, 
CDllc, CD18, CD5a, CD45, neu oncogene product , MDR-1, 
TGFa, TGFa receptor, PDGF, and CD71. 

17 The antibody of claim 10 wherein each said Old 
world monkey is selected from the group consisting of 
baboon, Rhesus, and cynomolgus monkeys. 

18. The antibody of claim 1, 2 or 3 wherein said 
antigen-binding portion comprises one or more CDR regions 
of an Old World monkey variable regxon. 

19. The antibody of claim 1, 2 or 3 wherein said 
antigen-binding portion comprises the whole varxable 

30 region of an old World monkey. 
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,0 Nucleic acid encoding a recombinant antibody 
comprising a tot Old World monkey immunoglobulxn 
antigen-binding portion. 

21 The nucleic acid of claim 20 wherein said recom- 
binant 'antibody comprises a human, chimpanzee »r -cond 
Old world monkey constant region, wherem sard tot and 
second Old world monkey may be the same or deferent. 

22 The nucleic acid of claim 21 wherein said anti- 
body comprises a framework region of a second Old world 

10 mlnLy; a human or a chimpanzee antibody ^°™J*£ 
first and second old World monkey may be the same or 

different. 

23. The nucleic acid of claim 20 wherein said 
antigen-recognizing portion comprises the whole variable 

15 region of said old World monkey antibody. 

24. The nucleic acid of claim 20 -herein said 
antigen-recognizing portion comprises one or more 
"gio- of slid first Old World monkey variable regron. 

25 The nucleic acid of claim 20 , 21. or 22 wherein 
,n said first and second old world monkey are separately 

s^ectTfrom the group consisting of baboon, Phesus and 
cynomolgus monkeys. 

26 A monoclonal antibody, or a Fab or Fv or (Fab), 
fr agment thereof, formed by an immortalized old World 

25 monkey B~cell. 

27 . The monoclonal antibody of claim 26 wherein said 
B-cell is a cynomolgus B-cell. 

28 . The monoclonal antibody of claim 26 wherein said 
B-cell is a Rhesus B-cell. 
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29. The monoclonal antibody of claim 26 wherein said 
B-cell is a baboon B-cell. 

30. The monoclonal antibody of claim 26, 27, 28 or 
29 wherein said antibody is produced to a human antigen. 

5 31 The monoclonal antibody of claim 26, 27, 28 or 

29 wherein said antibody binds specifically to human anti- 
gens chosen from CDS 8 , VCAM, VLA4 , CD 2 , LFA3 , ELAM, LAM, 
CD25, CD4 , CD19, CD20, CD 23, CD41, CD44, CD54 , TNFa , 
TNFB, Tn antigen, IL-1, IL-8, human T-ce 11 receptor, CD 3 , 
10 CD28, CDS, CDlla, CD18 , CDllb, CDllc, C5a, CD45, neU onco- 
gene product, MDR-1, TGFa , TGFa receptor, PDGF, and CD71. 

32 . A method for isolating the variable region of an 
Old World monkey antibody gene, comprising the steps of: 

contacting nucleic acid from the Old World monkey, 
15 and a primer complementary to the nucleic acid sequence 
encoding a 5' leader sequence of said antibody gene, to 
form a hybrid complex; and 

amplifying said nucleic acid in said hybrid complex 
to produce amplified nucleic acid. 

20 33. The method of claim 32, wherein said nucleic 

acid is DNA or cDNA. 

34 The method of claim 3 2 wherein said primer is 
complementary to the non-coding strand of a 5 • leader 
sequence of a human or Old World monkey antibody gene. 

25 35 The method of claim 32 wherein said amplifying 

step produces sufficient nucleic acid to place withxn a 
vector. 

36. A method for isolating the variable region of an 
Old World monkey antibody gene, comprising the steps of: 
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- contacting RNA from an Old world monkey with reverse 

^ cr atriocation encoding a , leader eeguence o f 
5 LHt^^^^co^ 
to produce amplified nucleic acid, 

3, A method for producing a recombinant antibody to 
a buman'antigen. said antibody being not immunogenic in a 

, ^J^^Z^ antibody to said antigen 

an old World monkey , 

isolating an Old World monkey nucleic acid^ encoding 
an antigen-binding portion of a variable region of said 
15 0W "leic acid encoding a nu^n 

^\i;a^g1aid h oTworS b ^ y nucleic acid and maid 
i J acid to form a recombinant nucleic acid, and 
human nucleic acid to rorm , , aHl , to oroduce 

expressing said recombinant nucleic acid to prod 

said recombinant antibody. 

38. The method of claim 37 wherein said antigen- 
binding portion comprises one or more COK regions of 
Old world monkey variable region. 

39. The method of claim 37 wherein said antigen- 
binding portion comprises the whole variable region of an 
Old World monkey. 

40 The method of claim 37. wherein said method 
,1 the step of immortalizing a cell able to 
lurther comprises the seep 
„ pro auce said Old World monkey antibody. 

41 . The method of claim 37, further comprising the 
step oV identifying the old World monkey nucleic acid 
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52 The method of any of claims 3 0-44, wherein said 
antigen' is selected from CD58, VCAM, VIA4, CD2, LFA3 , 
ELAM, LAM, CD25, CD4 , CD19 , CD20, CD23 , CD41, CD44, CD54 , 
TNFot, TNF6 , Tn antigen, IL-1, human T-d.11 reoeptor, 

5 CD3 , CD28, CD8 , CD18 , CDlla, CDllb, CD11C, C5a, CD45, neu 
oncogene product, MDR-1, TGFa, TGFa receptor, PDGF, and 
CD71. 

53 a method for treating a human having an antigen, 
wherein said human is in need of treatment, comprising the 

10 step of administering a therapeutically effective amount 
of a recombinant antibody specific for said antigen, 
wherein said antibody comprises a human or chimpanzee or 
first Old World monkey constant region and an antxgen- 
binding portion of a second Old World monkey variable 

15 region. 

54. The method of claim 53 wherein said human suf- 
fers from cancer, and said antigen is a tumor antigen. 

55 The method of claim 53 wherein said human suf- 
fers from an auto-immune response, and said antigen is an 
20 antigen involved in an autoimmune response in the human. 

56. The method of claim 53 wherein said antigen is 
a receptor expressed on a host cell. 

57. The method of claim 53 wherein said antibody 
comprises portions homologous to human and Old World 

25 monkey antibodies. 

58. The method of claim 53 or 57 wherein said anti- 
cen is selected from CD58, VCAM, VIA4. CD2 , LFA3 , ZLM1, 

0>™. C04. CD», =020, CD23, CD41, CD44. CD54. THFc, 
TMFB, in antigen, human T-cell receptor, ' 

30 CD28 CDS, CD18 , CDlla, CDllb, CD11C, C5a. CD45, »- onco- 
gene product, MDR-1, TGFa, TGFa receptor, PDGF, and CD71, 
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encoding a variable region o £ said Old World monkey, 
antibody. 

42. The method of claim 40 wherein said immortaliz- 
ing is by hybridoma fusion. 

5 43. The method of claim 40 wherein said immortaliz- 

ing is by viral transformation. 

44. The method of claim 40 wherein said immortaliz- 
ing is by single B-cell cloning. 

45. The method of claim 40 wherein said immortaliz- 
10 ing is by library construction. 

46 The method of claim 37 wherein said human con- 
stant region is selected to have a desired isotype. 

47 The method of claim 37 wherein said method 
further' comprises selecting a B-cell from said Old World 

15 monkey . 

48. The method of claim 47 wherein said B-cell is 
obtained from peripheral blood lymphocytes, lymph node, 

bone marrow or spleen. 

49 The method of claim 37 wherein said method fur-.- 
20 ther comprises screening cells of said Old World monKey 
for production of said antibody. 

50. The method of claim 37 wherein said expressing 
is within a producer cell line. 

51. The method of claim 37 wherein said isolating 
25 comprises immunoglobulin gene rescue of said variable 

region* 
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59. The method of claim 53 wherein said antigen- 
binding portion comprises one or more CDR regions of an 
Old World monkey variable region. 



5 



60. The method of claim 53 wherein said antigen- 
binding portion comprises the whole variable region of an 
Old World monkey. 



61. A recombinant antibody comprising 

(1) 
antibody ; 



n j.cv.uiu— »»• — - 

a constant region of a heavy chain of a human 

10 (2) a constant region of a light chain of said human 

antibody ; 

(3 ) a variable region of a heavy chain of an Old 
World monkey antibody against a human antigen; and 

(4) a variable region of a light chain of said Old 
15 World monkey antibody. 

62. Recombinant nucleic acid comprising at least one 
CDR region from the variable region in SEQ. ID NOS 
or 16. 



15 



63 . A pharmaceutical composition comprising a thera- 
20 peutically or prophylactically effective amount of an 
antibody of any of claims 1, 2, 3, 10 or 26 in a pharma- 
ceutically acceptable carrier. 

64 The pharmaceutical composition of claim 63 where 
said antibody binds specifically to CD58, VCAM, VIA4, CD 2 , 
25 LFA3 , ELiAM, LAM, CD25, CD4 , GDIS, CD20, CD23, CD41, CD44 
CD54, TNFa , TNFB, Tn antigen, IL-1, IL-8, human T-cell 
receptor, CD3 , CD28, CDS, CD18, CDlla, CDllb, CDllc, C5a, 
CD45, neu oncogene product, MDR-1, TGFa , TGFot receptor, 
PDGF, or CD71. 

30 65. A method for treatment of a disease chosen from 

rheumatoid arthritis, eczema and an immunomodulatory dxs- 
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of providing a pharmaceutical 



ease comprising the step 

exposition of olaiM 63 to a hunan suffering from sax* 
disease. 
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EcoRI 




FIG. 3. 
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FIG. 5. 



Not 1-8 




L* LEADER, CMV= CYTOMEGALOVIRUS PROMOTER 
BETA 3 MOUSE BETA GLOBIN MAJOR PROMOTER 
BGH- BOVINE GROWTH HORMONE POLYADENYLATION 
SV=SV40 EARLY POLYADENYLATION 
SV 0RI=SV40 ORIGIN 
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CONTAINING HUMAN IgGI AND KAPPA CONSTANT REGIONS 
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FIG. 6. 



Not 1-8 



Not 1-6343 



Bgl 11-967 
Kpn 1-1046 

Hind 111-1048 
AvrlH059 




Xho 1-4848 



BomHI-3145 



L= LEADER, CMV= CYTOMEGALOVIRUS PROMOTER 
BETA-MOUSE BETA GLOBIN MAJOR PROMOTER 
BGH-BOVINE GROWTH HORMONE POLYADENYLATION 
SV-SV40 EARLY POLYADENYLATION 
SVORI a SV40 ORIGIN 
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Primprg for th» Amplicati o n Mnnkev Immunoglobulin Heavy Chain 

Variable Regions 



f? 'Rpnsfi* Primers 

A pnman nr Mo nWo y hppw chain *anV ]S3SiSL SSflUgQgB PTlmfiS with, (?fl» Site 

Vu 1 5' ACTAAGTQSAC.AT GGACTGGACCTGG 3' 
n 

V H 2 5' ACTAAGJD2SAQAT G G AC ATACTTTGTTCCAC 3' 

Vh3 5' ArtTA AftTOG ACA TGGAGTTTGGGCTGAGC 3' 

Vh 4 5' AfTTA AGTGG AC AT G AAACACCTGTGGTTCTT 3' 

V H 5 5' AP.TA AGTCG AC AT GGGGTCAACCGCC ATCCT 3' 

V H 6 5* Ar.TA A^TCGACA TGTCTGTCTCCTTCCTCAT 3' 

B. HumaiLgi MQD hg y hsayy gbaiD late leader mqu^ primars with m*i / sits 

V u 1 5' G GCA GCA GC(CT) ACQ CGT GCC CAC TCC GAG GT 3' 
V H 2 5' G ACC GTC CCG ACQ COT GT(TC) TTG TCC CAG GT 3' 

Vw 3 5' GCT ATTTTC AQfrCCT GTC CAG TGT GAG 3' 

+1 

V H 4 5'GCGGCTCCCAC^QGTGTCCTGTCCCAG3- 
Vu5 5' G GCT GTT CTC ACG CGT GTC TGT GCC GAG GT 3' 

H 



FIG. 7a. 
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r. p.tman or M r n ^ ftamgmQft 1 **""*ncP nrimers with XhQ I site 



♦ I 



V H 1.3a,5 CAGGTGCAGCTG12IQSASTCTGG 
CAGGTCAACTTACIGSAfiTCTGG 



V«2 



V^b GAGGTGCAGCTGCICSA2TCTGG 
V„4 CAGGTGCAGCTGCICfiASTCXSGG 
Vh6 CAGGTACAGCTGdS^fiASTCAGG 



X 'Anti.Rpnsp: Primers, 



Ute 1 Site 



5' GGC GGA TGC GCIAQCTGA GGAGAC GG 3* 

Nhe I 

FIG. 7a 1 . 
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Primers for the Amplifcation of Monkey I mmunoalobunn Light Chain 

Variable Regions 

S' •Sense' Primers 

A Human or Monkey kapna light c hain earlv leader Primers with gfijjLsftfi 

1. 5'ATCACA^AJCICTCACCATGGTGTTGCAGACCCAGGTC3' 

2. 5'ATCACAGj^IiQICTCACCATGG(GA)G(AT)CCCC(TA)GC(TG)CAGCT 3' 

3. 5' ATCAC AG ATCTC TC ACCAT GG AC ATGAGGGTCCCCGCTCAG 3 ' 

4. 5'ATCACAGAECTCTCACCATGGACAC(GAC)AGGGCCCCCACTCAG 3' 

B. Human or Monkey lambda lioht c hain earlv leader primers with Bgl II $ite 

1. 5' ATCACAGATCTCTCACCATGGCCTGGGCTCTGCTGCTCC 3' 

2. 5'ATCACA^ATQTCTCACCATGGCCTGGGCTCCACTACTTC 3' 

3. .^'ATCAC AGATCTC TCACCATGACCTGCTCCCCTCTCCTCC 3' 

4. 5 ' ATCAC AGAIQTCTC ACCAT GGCCTGGACTCCTCTCTTTC 3 ' 

5. 5'ATCACAGAEQTCTCACCATGACTTGGACCCCACTCCTC 3' 

FIG. 7b. 
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3' 'Anti-Sense* Primers 

A Human or Monkey k a ppa light c hain constant renion primer anti-sense strand with 
Kpn 1 and BsiW1 sites 

+ 108 +97 
C 5* CCG TTT GAT TTC CAG CTT GGJ_A£C. TCC ACC GAA CGT 3' 

Kpn I 

+ II2 +I03 
5' TGC AGC ATC HGTACG TTT GAT TTC CAG CTT 3' 

BsiWI 

R Human nr Monkftv lamhda liciht ch ? in constant renion nrimer anti-Sf?nSfl Strand With 
Kpn 1. Hind fH and Avr II sites 



C 



+ I07 +99 
S' ACC TAG GAC GGT AAG_CTJ GGTTAQC. TCC GCC 3' 

Hind III Kpn I 



+97 



+I07 

5* ACC TAG GAC GGT CA(C/G) (C/G)TT G£J_AC£TCC GCC GAA CAC 3' 

Kpn I 

+II0 +, ° 2 
5' CTT GGG CTG ACC TAG G AC GGT CAG CCG 3' 

Avr II 



FIG. 7b '. 
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A HffRYY C-h^ n Variable Region; 



VH1 


5' 


CCATGGACTGGACCTGG 3' 


VH2 


5' 


ATGGACATACTTTGTTCCAC 3' 


VH3 


5' 


CCATGGAGTTTGGGCTGAGC 3' 


VH4 


5' 


ATGAAACACCTGTGGTTCTT 3* 


VH5 


5* 


ATGG GGTGAACCGCCATCCT 3' 


VH6 


5' 


ATGTCTGTCTCCTTCCTCAT 3* 



B. Heavy Chai" Consta nt Renton Anti-Sense Strand! 

+U9 +H5 
IgM 5' T TGG GGC GGA TGC ACT 3' 

+U9 +H5 
•gG|_4 5* GA TGG GCC CTT GGT GGA 3' 

C. Light Cha in Variable Region: 

+ 4 + I0 
Kappa 5' G ATG ACC CAG TCT CCA (G/T)CC TC 3' . - 

Lambda 5' CTC A(C/T)T (T/C)(G/A)C TGC (A/C)CA GGG TCC 3' 



D l inhf Chain GonslaDj R*fl'" n Anti-Sense Strands; 



+H5 +II0 
Kappa 5' AA GAC AGA TGG TGC AGC CA 3' 

Lambda 5' G GAA CAG AGT GAC CGA GGG G 3 ' 



FIG. 8. 
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Comparison of human consensus VH1 sequence with cloned 

monkey variable regions 



.. s Q 

A KL G R M 

q E RI T K V 

XVQLVQSGAEVKKPGXSVXVSCKASGYTFS DIXIE WVRQAPGXGLEWXG 

FN— G NY ATS 

q -T T SYYIN — -V— S- 



T 

M P 

V R S TS 
I LKA FT 

2 U3IE2XG2WimZZEQ£ RVTXTXDXSXNTAYMELSSLRSEDTAVYYCAR 

WTWTnTGNP TYAOnFKE F-M- KI_L _^ 

WTNPSNGNT KYA OKFOG — — ~ ; " N ~ 

V HOMOLOGY 
rrnFyWYXXXXXYTXPr WGQGTLVTVSS ^WI^NffllS^ 

WKTTYAKYFEF -A- MONKEY CLONE h: OO/o 

mySct FDY — — — MONKEY CLONE 1-14 94% 



FIG. 9a. 
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Comparison of human VH2 consensus sequence with cloned 

monkey variable regions 



G 

. q a i : G 

Q K T Q F F A 

XVTLRESGPXLVKPTETLTLTCTVSGFSLS TXQHKVQ WIRQPPGKXLEWLA 

i ; — : TSGTGYS — 

__; — . —— ASGTGVA S T 

_ TSETGVG : " 



TM A 
RLTNM V 
NVSSV G 

g TNXWDDDKYYSTSLRS RET I SKDTSKNQ WLXXXXXDPXDTAT YYCAR 

prp W2HQRXX2X2LKM " L --■ 

,<?rp WTGVKYYNTSLKN S D A 

FYY mm\rKYYTTFl,KS — — R— — — — 



HOMOLOGY 

L 

FXPFXXXKPXGXYXXAFPV WGQGTTVTVSS HUMAN VH^ONSENSUS 

GGgj dy V MONKEY ClUNt 35 /o 

GVYWSGYS EH! A — ' MONKEY CLONE 2-13 91% 

TPKTAnTVPYYTL QS. AV- MONKEY CLONE 2-10 97% 



FIG. 9b. 
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Comparison of human consensus VH3 sequence with cloned 

monkey variable regions 



I S N 
A V S 
E VQLVES GGGLVQP GG S LRLS C AAS GF TF S 
E F— — 



DYAMH 

TYDMT 
EYSIH 
SYDMN 
NYNMD 



G 

■ s 

A 

WVRQ AP GKGLEWVX 



;__q R 



MV S KT 
NA SAF D EP L F T 

H TKF.KXNGSA TYYA DfSVKG RFTISRDDSKNTLYLQMNSLRAEDTAVYYCAR 

Risw N^TTYYASSVKQ : — ~ R ~~II"~~ I 

T. A HKKA PR Y J^TFYA TA VKG S -T; -. 

ytss ^nrTYYAPSVKG — * S """"~""IZI_II______ 

RVIRK GA.RTKYAA.SVKG — fc ~ 



WGQGTLVTVSS 
GTAT.nsnsGess DY 1 

PVT.GDRWF FPL • PI 

nOPVT.OFLF ^T. T. PTTGSDV — P-V 

PVflflflgT 



HOMOLOGY 

HUMAN VH3 CONSENSUS 
MONKEY CLONE 3-34 96% 
MONKEY CLONE 3-36 93% 
MONKEY CLONE 3-40 95% 
95% 



G v— MONKEY CLONE 3-9 

FIG. 9c. 
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Comparison of human consensus VH4 sequence with cloned 

monkey variable regions 



T Y V 

QVQLQESGPGLVKP SETLS LTCAVSGG SIS SSYYWS WIRQPPGKGLEWIG 
_ M : FSYDWT " "~ ~ A 

— — S SSGYYWG 

GYYWG 

. A S GDYYWF 



_ — .- M A 



-H- 



YIYY 
VISGN 

SLOGR 

SIHGS 
SLQGR 
YIYGS 



naWKYT.NLCL 

GGSMSLEESL 
GGEKXLEL2L 

G^TNYNPSL 



MP KK H Y N 
KSRVT I SVDTSKNQFSLKLSS VTAADTAVYYCAR 

-N — N — — MT ——I——. 

■— l-A : ■ 

-L • — G-K : F 

NN — S — I L R— — — ■— -S 

HOMOLOGY 



nnvTsnwYRGY 

VGDNR 

F.T.YSSSPY 

GDNR 

NTT.KYT.TfWLLY 



£££ WGQGCLVTVSSG 
FDV WGPGVLVTVSSG 
YFDF WGQGVRVTVSSG 
FDV WGPGVLVTVSS 
WGQGVLVTVSS 



FIG, 9d. 



HUMAN VH4 CONSENSUS 
MONKEY CLONE 4-13 90% 
MONKEY CLONE 4-14 96% 
MONKEY CLONE 4-16 92% 
MONKEY CLONE SC CHIM 96% 
MONKEY ANT1-CD4 CHIM 88% 
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Comparison of human consensus VH5 sequence with cloned 

monkey variable regions 



■'■ R ' 

EVQLVQS GAE VKKP GE S LK I S CKGS G YS F TSY^IG WVRQMPGKGLEW 
G R R- TC-F — 1GEKZS. V—Q 



MC1TT YPGDSDTR YSPSFOGH VT I S ADKS I S T AY LQ W S S LKAS D T AMY Y CAR . 
VGFVSPGDS T TPYNPSFOGH -T— TF— N- :; "Q 



HOMOLOGY 

HUMAN VH5 CONSENSUS 

RACiNHNYYOD FYY WGHGVLVTVSSG MONKEY CLONE 5-1 ! 84% 

FIG. 9e. 
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Comparison of human consensus VK1 sequence with cloned 

monkey variable regions 



v 

DIQMTQSPSSLSASVGDRVTITC R fl FPSVXXfiD TSS YLN WYQQKP 
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G I 
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— P — — KASSLES - TR-~ ~ -N— E— F— 

T _ MSSLQX ~ — S--PE— V— ED- 

' L ■ ■ . 
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£X • MONKEY CLONE KI-7 94% 

jj, __ G MONKEY CLONE KI-3 90% 

W£ — — MONKEY CLONE KH4 90% 

FIG. 9f. 
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Comparison of human consensus VKII sequence with cloned 

monkey variable regions 
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LOSKNSPR 1 — G 

FIG. 9g. 
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Comparison of human consensus Lambda VIII sequence 
with cloned monkey variable regions 
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SYEXiTQPPSVSVSPGQTAP TT("! SGDALGOKYVY WYOOKP 

S __ R ___ gf— annNVGRKSVO 
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GQAPVLVIY KnSKRPS GIPERFSGSNSGTTATLTISGVEAXDEADYYC 
p ADSERPS A— *- ————— 



OAWDSXTXXW FGGGTKLTVLG HUMAN X III CONSENSUS 
ovwnsTADHWV ----- R MONKEY ANTI-CD4 91% 



FIG. 9/7. 
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FIG. 10. 

Comparison of Human VH3 consensus sequence with 4 monkey VH3 
sequences and 8 human VH3 sequences 
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EVQLVESGGGLVQPGGSLRLSCAASGFTFS DYAMH WVRQAPGKGLEWVX 
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FIG. II. 



DIRECT BINDING OF CHIMERIC ANTI-CD4 
TO SUP Tl CD4-POSITIVE CELLS 
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FIG. 12. 



INHIBITION OF 1F3 BINDING TO CD4 POSITIVE 
CELLS BY MONKEY AND MONKEY/HUMAN 
CHIMERIC ANTIBODIES 
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FIG. 13. . 

Monkey Anti-CD4 V H Sequence. Listed from 1 to 420bp. Translated 
from leader sequence methionine ATG (bp 4) to bp 420. Protein 
sequence numbered from antibody framework residue +1 to last V H 

residue +120 



M K H L W F F L L L V A A P R 
GAC ATG AAA CAC CTG TGG TTC TTC CTC CTC CTG GTG GCA GCC CCC AGA 



10 
G 

TGG GTC TTG TCC CAG GTG CAG CTG CAG GAG GCG GGC CCA GGA CTG GTG 



+1 

W V L S Q V Q L Q E A G P G L V 



20 

K P S E T L S L T C S V S G G S 
AAG CCT TCG GAG ACC CTG TCC CTC ACC TGC AGT GTC TCT GGT GGC • TCC 



30 



40 



l s G D Y Y W F W I R Q S P G K 
ATC AGC GGT GAC TAT TAT TGG TTC TGG ATC CGC CAG TCC CCA GGG AAG 

50 60 
G L E W I G Y I Y G S G G G T .N 
GGA CTG GAG TGG ATC GGC TAC ATC TAT GGC AGT GGT GGG GGC ACC AAT 

. 70 

Y N P S L N N R V S I S I D T S 
TAC AAT CCC TCC CTC AAC AAT CGA GTC TCC ATT TCA ATA GAC ACG TCC 

80 90 
K N L F S L K L R S V T A A D T 
AAG AAC CTC TTC TCC CTG AAA CTG AGG TCT GTG ACC GCC GCG GAC ACG 

100 

A V Y Y C A S N I L K Y L H V) L 
GCC GTC TAT TAC TGT GCG AGT AAT ATA TTG AAA TAT CTT CAC TGG TTA 

110 * 'I 0 

L Y W G Q G V L V T S S 
TTA TAC TGG GGC CAG GGA GTC CTG GTC ACC GTC TCC 
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FIG. 14. 



Monkey Anti-CD4 V Lambda Sequence. Listed from 1 to 387bp. 
Translated from leader sequence methionine ATG (bp 4)to bp387 . 
Protein sequence numbered from antibody framework residue +1 to 
last v Lambda residue +109 



M A W A L L L L G L L A H F T 
ACC ATG GCC TGG GCT CTG CTG CTC CTC GGC CTC CTT GCT CAC TTT ACA 

+ | io 

D S A A S Y E L S Q P R S V S V 
GAC TCT GCG GCC TCC TAT GAG TTG AGT CAG CCT CGC TCA GTG TCC GTG 

20 . 
S P G Q T A G F T C G G D N V G 
TCC CCA GGA CAG ACG GCC GGG TTC ACC TGT GGG GGA GAC AAC GTT GGA 

30 40 
R K S V Q W Y Q Q K P P Q A P V 
AGG AAA AGT GTA CAG TGG TAC CAG CAG AAG CCA CCG CAG GCC CCT GTG 

50 60 

L V I Y A D S E R P SGI P A R 
CTG GTC ATC TAT GCT GAC AGC GAA CGG CCC TCA GGG ATC CCT GCG CGA 

F S G S N S G N T A T L T I S G 
TTC TCT GGC TCC AAC TCA GGG AAC ACC GCC ACC CTG ACC ATC AGC GGG 

80 90 

V E A G D E A D Y Y C Q V W D S 
GTC GAG GCC GGG GAT GAG GCT GAC TAT TAC TGT CAG GTG TGG GAC AGT 

100 

T A D H W V F G G G T R L T V L 
ACT GCT GAT CAT TGG GTC TTC GGC GGA GGG ACC CGG CTG ACC GTC CTA 
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ANTI-CD54 COMPETITIVE ACTIVITY IN B CELL 
IMMUNIZED MONKEY; INHIBITION OF 84HI0 
MAB BINDING TO ICAM TRANSFECTED CHO CELL 
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